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METHOD FOR PRODUCING AMIDE COMPOUNDS USING A NITRILE 
HYDRATASE FROM A THERMOPHILIC BACILLUS 

PROSS-REFER ENCE TO RELATED APPLICATIONS 

This application claims the benefit of U. S. 
Provisional Application Serial No. 60/083,485 which was 
filed April 29, 1998. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a novel 
nitrile hydratase and the DNA encoding the nitrile 
hydratase, from a thermophilic Bacillus sp. , which is 
const itutively expressed, activated in the presence of 
cobalt ions, active within a temperature range of 5°C to 
70°C and a pH range of 5 to 9, and stable at elevated 
temperatures of 50°C to 60°C in the presence of 
acrylonitrile for a significant period of time. 
Further, the present invention relates to the use of the 
nitrile hydratase to produce acrylamide which is used 
for forming polymers. 

(2) Descri ption of Related Art 

Enzymatic formation of acrylamide from 
acrylonitrile offers advantages over the traditional 
copper-catalyzed process in reduction of unwanted waste 
products and decreased energy input, making the process 
a promising example of utilization of enzymes for 
development of "green" processes for commodity chemical 
production (Ashina, Y. , et al. , in Industrial 
Applications of Immobilized Biocatalysts, A* Tanaka, T. 
Tosa, T. Kobayashi, eds. Marcell Dekker, N. Y . p. 91-107 
(1993)). Nitrile hydratases capable of catalyzing this 
hydration have been found in a wide variety of bacteria 
(Yamada, H., et al., Biosci. Biotech. Biochem. 60:1391- 
1400 (1996); and Cramp, R. , et al., Microbiology 
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143:2313-2320 (1997)). Nitto Chemical Company, Japan, 
has pioneered the utilization of the nitrile hydratase 
from Rhodococcus rhodochrous Jl for the production of 
acrylamide from acrylonitrile. The R. rhodochrous 
nitrile hydratase is a novel enzyme which contains 
cobalt bound at the active site- The cobalt ion 
containing nitrile hydratases provide more attractive 
catalytic features than ferric ion-containing nitrile 
hydratases (Nagasawa, T., et al., Appl. Microbiol. 
Biotechnol. 40:189-195 (1993))- Although the Nitto 
acrylamide process is in successful production, their 
bioconversion process uses immobilized non-viable whole 
cells in the process which is run at a temperature below 
10°C and with modest acrylonitrile concentrations in 
order to prevent inactivation of the hydratase enzyme 
catalyst by the acrylonitrile substrate and to avoid 
product polymerization (Nagasawa, T., et al., Appl. 
Microbiol. Biotechnol. 40:189-195 (1993)). 

U.S. Patent No. 4,001,081 to Commeyras et al 
describes the use of various mesophilic bacterial 
species from the genus Bacteridium (in the sense of 
Prevot) , genus Micrococcus ( in the sense of Bergey ) , 
genus Bacillus and genus BreviJbacteriujn (in the sense of 
Bergey) for conversion of nitriles to amides. In 
particular, the strain R 332, a mesophilic Bacillus 
species, was cited as having nitrilasic activity. R332 
was shown to have optimal growth between 20°C and 40°C 
(see U-S- Patent No. 5,563,053 to Takashima et al) . In 
the nitrilasic reaction with any of the above bacteria, 
the pH is maintained at the pH value which is limiting 
for the hydrolysis of the amide to its acid. The 
reaction temperature is 25°C. 

U.S. Patent No. 4,248,968 to Watanabe et al 
describes a process to convert acrylonitrile to 
acrylamide by using bacteria strains from either 
Corynebacterium or Nocardia genera. However, bacteria 
from genus Bacillus, genus Bacteridiujn, and genus 
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Brevibacterium were also recited as being useful. The 
nitrile hydratase described has high activity but has 
low heat resistance and is inactivated in a rather short 
time period at temperatures between 25°C and 30°C. 
Therefore, while the reactions are performed between 0° 
and 30°C, the reactions are preferably performed at 15°C 
or less. 

U.S. Patent No. 4,629,700 to Prevatt et al 
relates to conversion of aromatic polynitriles having no 
hydroxyl groups to an aromatic compound having at least 
one cyano group and one amide group or acid group. The 
invention discloses Rhodococcus species which have 
nitrilase systems capable of selectively hydrolyzing 
various cyano groups of the polynitrile. The nitrilase 
systems are induced either prior to or simultaneously 
with conversion of the aromatic polynitrile. The 
conversion of a dinitrile to a nitrile amide according 
to the invention is performed within the temperature 
range of 15<> to 35°c. 

U.S. Patent No. 4,637,982 to Yamada et al 
relates to a process which uses various Pssudomonas 
species to cause the conversion of a nitrile to its 
corresponding amide. The process is performed under 
alkaline conditions at a temperature between the range 
of 0° to 20°C. The cells prior to use in the process are 
cultivated in the presence of an inducer (e.g., 
isobutyronitrile in the case when acrylonitrile is to be 
hydra ted) . 

U.S. Patent No. 5,130,235 to Beppu et al 
describes isolated DNA of Rhodococcus sp. N-774 encoding 
nitrile hydratase activity and recombinant E. coli 
containing the DNA. The nitrile hydratase activity 
appears to require Fe* ions. A method for producing the 
nitrile hydratase in culture medium is also disclosed. 

U.S. Patent No. 5,135,858 to Yamada et al 
describes a Rhodococcus rhodochrous strain J-l. wherein 
a lactam induces the nitrilase activity in the cultured 
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strain which is then used for the conversion of a 
nitrile to its corresponding acid. The conversion 
process is performed under temperatures ranging from 5° 
to 50°C and within a pH between 4 and 10. 

U.S. Patent No. 5,334,519 to Yamada et al 
describes the use of cobalt cores with Rhodococcus 
rhodochrous strain J-l to enhance the action of the 
nitrile hydratase in the conversion of a nitrile to its 
corresponding amide. In particular, the bacteria is 
cultivated in culture medium containing cobalt ions and 
a Jiitrile or amide inducer to induce the nitrile 
hydratase. The bacteria is then used for the conversion 
process which is performed at a temperature between 15° 
to 50°C and a pH that is usually between 7 to 9. 

U.S. Patent No. 5,563,053 to Takashima et al 
describes a process for production of amide compounds 
from their nitrile precursor using the thermophilic 
bacterium Bacillus smithii strain SOJ05-1. The nitrile 
hydratase activity is inducible when a nitrile compound 
or an amide compound is added to the culture medium. 
The useful temperature range for the conversion process 
is between 0° and 70°C. 

The foregoing provide attractive methods for 
production of an amide, from its corresponding nitrile, 
in particular aery lamide from acrylonitrile. However, 
utilization of many of these nitrile hydratase enzymes 
has been limited by the requirement that very low 
temperatures be used for the bioconversion conditions, 
which increases production costs by requiring the 
reactions to be cooled. 

SUMMARY OF THE INVENTION 

The present invention provides novel 
thermophilic strains of Bacillus sp. which have a 
constitutive and non-inducible nitrile hydratase 
activity and a relatively low amidase activity which is 
useful for conversion of a nitrile to an amide without 
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producing significant amounts of the corresponding acid. 
In particular, the present invention relates to the 
conversion of acrylonitrile to acrylamide by the 
thermophilic Bacillus sp. BR449. The nitrile hydratase 
5 of Bacillus sp. BR449 has high activity at temperatures 

between 20°C and 70°C and in the presence of ^relatively 
high concentrations of the nitrile. Importantly, the 
nitrile hydratase has maximal activity at 55°C and is 
stable at temperatures up to 60°C. The hydratase 

10 activity is stimulated by cultivating the bacterium in 

media supplemented with divalent metal ions, 
particularly cobalt ions. 

The present invention also provides a process 
for the bioconversion of a nitrile to its corresponding 

15 amide with little production of the corresponding acid. 

The bioconversion process uses the nitrile hydratase 
activity of the novel thermophilic Bacillus sp. BR449. 
In particular, the bioconversion of acrylonitrile to 
acrylamide is described. 

20 

Objects 

It is therefore an object of the present 
invention to provide thermophilic strains of bacteria 
such as the Bacillus sp. disclosed herein which produces 

25 a nitrile hydratase that is active at temperatures 

between 20°C to 70°C and in the presence of relatively 
high concentrations of the nitrile wherein the nitrile 
hydratase converts the nitrile to its corresponding 
amide. In particular, the object relates to the 

30 conversion of acrylonitrile to acrylamide. 

Another object of the present invention is to 
provide a process for producing an amide from a nitrile 
using the thermophilic bacteria of the invention, which 
comprises subjecting the nitrile in an aqueous medium to 

35 the bacterium of the present invention which has the 

ability to hydrolyze the acrylonitrile to acrylamide, at 
a temperature ranging from 20°C to 70°C and at a pH of 
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about 5 to 9. 

A further object of the present invention is 
to provide the isolated DNA from the thermophilic strain 
of bacterium of the present invention which encodes a 
nitrile hydratase, wherein the DNA is operably linked to 
a promoter, in a plasmid, and wherein the plasmid is 
stably introduced into an organism such as E. coli to 
produce a transf ormant. The transformant produces the 
nitrile hydratase which hydrolyzes a nitrile to produce 
its corresponding amide, at a temperature ranging from 
20°C to 70°C at a pH of about 5 to 9. Iri particular, the 
object relates to the conversion of acrylonitrile to 
acrylamide. 

An object further still of the present 
invention is to provide the nitrile hydratase as an 
isolated protein produced by the thermophilic strain of 
Bacillus or an organism transformed with the isolated 
DNA encoding the nitrile hydratase. The isolated 
protein is used to hydrolyze a nitrile to produce its 
corresponding amide, at a temperature ranging from 20°C 
to 70°C at a pH of about 5 to 9. In particular, the 
object relates to the conversion of acrylonitrile to 
acrylamide. 

Thus, in view of the foregoing objects, the 
present invention relates to bioconversion processes 
that are useful for the conversion of a nitrile to its 
corresponding amide which is rapid and economical* In 
particular, the bioconversion process disclosed herein 
relates to the conversion of acrylonitrile to 
acrylamide- Other objects will become increasingly 
apparent by reference to the following description and 
the drawings ♦ 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing nitrile hydratase 
activity with varied acrylonitrile concentration for 
BR449. 
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Figure 2 is a graph showing pH dependence of 
BR449 nitrile hydratase assayed at 50°C. 

Figure 3 is a graph showing nitrile hydratase 
activity as a function of temperature. 
5 Figure 4 is a graph showing nitrile hydratase 

stability. Closed circles designate specific activity 
in the standard assay at 50°C after two hours incubation 
at the temperature indicated - 

Figure 5 is a graph showing acrylamide 
10 production using whole BR449 cells in 2% acrylonitrile. 

The temperatures are: ■ 50°C, • 40°C f ♦ 30°C / and * 
22°C. 

Figure 6 is a 16S gene sequence for BR449 (SEQ 

ID N0:l) . 

15 Figure 7 is a comparison of the DNA sequence 

of the 16S rRNA gene of BR449 to the 16S rRNA gene of 
Bacillus spl3 DSM 2349 (SEQ ID N0:2). 

Figure 8 is a comparison of the DNA sequence 
of the 16S rRNA gene of BR449 to the 16S RNA gene of 
20 Bacillus pallidus (SEQ ID NO:3). 

Figure 9 is a comparison of the DNA sequence 
of the 16S rRNA gene of BR449 to the 16S rRNA gene of 
Bacillus smithii (SEQ ID NO: 4). 

Figure 10 is the DNA sequence of a 3.3 kb DNA 
25 fragment from BR449 (SEQ ID NO: 5) encoding the alpha 

subunit and beta subunit of the BR449 nitrile hydratase 
and an amidase gene. Also identified is open reading 
frame 0RF1. 

Figure 11 is the amino acid sequence of the 
30 alpha subunit of the BR449 nitrile hydratase (SEQ ID 

NO: 9). 

Figure 12 is the amino acid sequence of the 
beta subunit of the BR449 nitrile hydratase (SEQ ID 
NO: 11) . 

35 Figure 13 is the amino acid sequence of the 

amidase gene (SEQ ID NO:7) . 

Figure 14 is the amino acid sequence of 0RF1 
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(SEQ ID NO: 13) . 

Figure 15 is a comparison of the DNA sequence 
of the alpha subunit of the BR449 nitrile hydratase (SEQ 
ID NO: 8) to the DNA sequence of alpha subunit of the B . 
smithii strain SC-J05-1 nitrile hydratase (SEQ ID 
NO:14). Scoring matrix: ,gap penalties: -12/-2, global 
alignment score: 1767. 

Figure 16 is a comparison of the amino acid 
sequence of the alpha subunit of the BR449 nitrile 
hydratase (SEQ ID NO: 9) to the amino acid sequence of 
alpha subunit of the B. smithii strain SC-J05-1 nitrile 
hydratase (SEQ ID NO: 15). Scoring matrix: , gap 
penalties: -12 /-2, global alignment score: 1318. 

Figure 17 is a comparison of the DNA sequence 
of the beta subunit of the BR449 nitrile hydratase (SEQ 
ID NO: 10) to the DNA sequence of alpha subunit of the B . 
smithii strain SC-J05-1 nitrile hydratase (SEQ ID 
NO: 16). Scoring matrix: , gap penalties: -12 /-2, global 
alignment score: 1908. 

Figure 18 is a comparison of the amino acid 
sequence of the beta subunit of the BR449 nitrile 
hydratase (SEQ ID NO: 11) to the amino acid sequence of 
alpha subunit of the B . smithii strain SC-J05-1 nitrile 
hydratase (SEQ ID NO: 17). Scoring matrix: , gap 
penalties: -12/-2, global alignment score: 1397. 

Figure 19 is the result of a homology search 
for the amino acid sequence of ORF1 (SEQ ID NO: 13) 
showing a partial sequence identity to the nitrile 
hydratase beta subunit of Rhodococcus rhodochrons D83695 
(SEQ ID NO: 18) . 

Figure 20 is the sequence of the 2,645 
Pstl/Sall DNA fragment which was shown to confer nitrile 
hydratase activity in E coli transformed with the DNA 
fragment. This DNA fragment is a subset of the DNA 
sequence (SEQ ID NO: 5) shown in Figure 10. 
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The present invention relates to a 
thermophilic strain of Bacillus which has a constitutive 
and non-inducible nitrile hydratase activity and 
relatively low amidase activity which is useful for 
conversion of acrylonitrile to acrylamide without 
producing significant amounts of acrylic acid. The 
nitrile hydratase activity is constitutively expressed, 
activated by a cobalt ion, active at temperatures 
between 20°C to 70°C, stable at 60°C, and in the presence 
of relatively high concentrates of the acrylonitrile. 
The nitrile activity is useful for conversion of other 
nitrile compounds to the corresponding amide compounds. 

Examples of other nitrile compounds of 
commercial interest which can be converted into its 
corresponding amide compounds are aliphatic nitriles 
such as n-butyronitrile, n-valeronitrile, 
isobutyronitrile, acetonitrile and pivalonitrile; 
halogen-containing nitrile compounds such as 2- 
chloropropionitrile; unsaturated aliphatic nitrile 
compounds such as crotononitrile and methacrylonitrile; 
hydroxynitrile compounds such as lactonitrile and 
mendelonitrile; aminonitrile compounds such as 2- 
phenylglycinonitrile; aromatic nitrile compounds such as 
benzonitrile and cyanopyridines; and dinitrile compounds 
such as malononitrile, succinonitrile and adiponitrile. 

The present invention specifically relates to 
an isolated and purified thermophilic bacterial strain 
which has characteristics of a member of the genus 
Bacillus deposited as ATCC 202119. The present 
invention also relates to a nitrile hydratase produced 
by the bacterial strain deposited as ATCC 202119. 

The present invention also relates to a 
process for producing acrylamide using a thermophilic 
Bacillus sp. wherein ATCC 202119 is an example, which 
comprises subjecting acrylonitrile in an aqueous medium 
to microorganisms having the ability to hydrolyze the 
acrylonitrile to produce acrylamide, at a temperature 
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ranging from 20°C to 70°C at a pH of about 5 to 9. The 
conversion of acrylonitrile to acrylamide can be 
achieved using a broth of intact bacterial cells, 
disrupted bacterial cells or enzymes contained therein, 
or immobilized preparations obtained by immobilizing 
intact bacterial cells, disrupted bacterial cells or 
enzymes contained therein. The bacterial cells are 
those of a biologically pure culture of the thermophilic 
Bacillus sp. having nitrile hydratase activity. The 
nitrile hydratase produced by the Bacillus sp. is also 
useful for conversion of other nitrile compounds to the 
corresponding amide compounds. Thus, the present 
invention relates to a process for the conversion of a 
nitrile to an amide which comprises: reacting the 
nitrile with a thermophilic bacterium which expresses a 
nitrile hydratase that is active at 20°c to 70°C; and 
isolating the amide. 

The present invention also relates to an 
isolated DNA encoding an enzyme having a nitrile 
hydratase activity wherein the enzyme is nitrile 
hydratase having at least 80% identity to the DNA 
sequence shown in SEQ ID NO: 5 wherein nucleotide 
positions 1606 to 2292 encode the beta subunit of the 
nitrile hydratase and positions 2321 to 2962 encode the 
alpha subunit of the hydratase. Specifically, isolated 
DNAs are disclosed which encode the alpha subunit of the 
nitrile hydratase having at least 90% identity to the 
amino acid sequence shown in SEQ ID NO: 9 and the beta 
subunit of the nitrile hydratase having at least 90% 
identity to the amino acid sequence shown in SEQ ID 
N0:11. 

The present invention further relates to the 
isolated DNAs encoding the alpha and beta subunits of 
the nitrile hydratase enzyme (SEQ ID NO: 8 and SEQ ID 
NO: 10, respectively) wherein each isolated DNA is 
operably linked to a promoter in the same plasmid or 
separate plasmids. Alternatively, a single isolated DNA 
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as shown in SEQ ID NO: 5 from positions 1606 to 2662 
encoding both the alpha and beta subunits in tandem 
wherein a single promoter is operably linked to the 5 * 
end of the DNA at position 1606* The promoter produces 
5 a polycistronic mRNA that is translated in the bacterium 

into alpha and beta subunit proteins. The plasmid or 
plasmids encoding the alpha and beta subunits are stably 
introduced into an organism such as E. coli to produce 
a transformant. The cloned alpha and beta subunit genes 

10 can also be expressed from suitable expression vectors 

when transfected into eukaryote organisms such as yeast 
or plants. The transformed procaryote or eukaryote 
organism produces the nitrile hydratase which hydrolyzes 
acrylonitrile to produce acrylamide, at a temperature 

15 ranging from 20°C to 70°C at a pH of about 5 to 9. The 

nitrile hydratase produced by the transformed organism 
is also useful for conversion of other nitrile compounds 
to its corresponding amide compounds. Thus, the present 
invention relates to a process for making an organism 

20 useful for the conversion of a nitrile to an amide which 

comprises: providing an isolated DNA encoding the 
nitrile hydratase; introducing the isolated DNA into an 
organism; and using the organism to produce the nitrile 
hydratase. 

25 The present invention further relates to a 

nitrile hydratase as an isolated protein produced by a 
thermophilic Bacillus sp., particularly from the 
Bacillus sp. BR449 deposited as ATCC 202119. The alpha 
subunit comprising the isolated nitrile hydratase has an 

30 amino acid sequence substantially similar to that shown 

in SEQ ID NO: 9 and the beta subunit comprising the 
isolated nitrile hydratase has an amino acid sequence 
substantially similar to that shown in SEQ ID NO: 11. 
The isolated protein is used to hydrolyze acrylonitrile 

35 to produce acrylamide, at a temperature ranging from 

20°C to 70°C at a pH of about 5 to 9. The nitrile 
activity of the isolated protein is also useful for 
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conversion of other nitrile compounds to the 
corresponding amide compounds. Thus, the process for 
the conversion of a nitrile to an amide comprises: 
reacting the nitrile with the nitrile hydratase which is 
produced by Bacillus sp. BR449 deposited as ATCC 202119 
which is active at 20°C to 70°C; and optionally isolating 
the amide. The amide is usually not isolated. A 
distinguishing, novel and useful characteristic of the 
present invention is that the nitrile hydratase operates 
at higher temperatures than other nitrile hydratases in 
the prior art at neutral pH's. 

Finally, the present invention relates to an 
isolated DNA having a nucleotide sequence substantially 
as shown in SEQ ID NO: 6 encoding the amidase gene from 
BR449 wherein an amidase is produced having the amino 
acid sequence substantially as shown in SEQ ID NO: 7, and 
an isolated DNA having a nucleotide sequence 
substantially as shown in SEQ ID NO: 12 encoding a 
protein having an amino acid sequence substantially as 
shown in SEQ ID NO: 13. 

It is appropriate to recite the following 
embodiments for the present invention. The present 
invention specifically relates to the following isolated 
DNA embodiments. An isolated DNA encoding a nitrile 
hydratase consisting of an alpha and a beta subunit 
wherein the hydratase is optimally active at 55°C, 
stable at 60°C r and cobalt-containing which is useful 
for conversion of a nitrile to its corresponding amide 
without producing significant amounts of its 
corresponding acid. An isolated DNA wherein the nitrile 
hydratase has a DNA sequence as set forth in SEQ ID NO: 5 
wherein the sequence between positions 2 312 to 2962 
encodes the alpha subunit and the sequence between 
positions 1606 and 2292 encodes the beta subunit. An 
isolated DNA encoding a nitrile hydratase wherein the 
DNA has a nucleotide sequence which has at least 80% 
identity to the nucleotide sequence between positions 
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1601 and 2962 as set forth in SEQ ID NO: 5. An isolated 
DNA encoding an alpha subunit of a nitrile hydratase 
wherein the DNA has a nucleotide sequence which has at 
least 80% sequence identity to the nucleotide sequence 
5 set forth in SEQ ID NO: 8 and an isolated DNA encoding a 

beta subunit of a nitrile hydratase wherein the DNA has 
a nucleotide sequence which has at least 80% sequence 
identity to the nucleotide sequence set forth in SEQ ID 
NO: 10. An isolated DNA encoding an amidase wherein the 

10 DNA has a nucleotide sequence which has at least 90% 

sequence identity to the nucleotide sequence set forth 
between positions 432 and 1475 in SEQ ID NO: 5* 

The present invention relates to the following 
thermophilic bacteria embodiments. A thermophilic 

15 Bacillus sp. having a nitrile hydratase activity that is 

activated by a cobalt ion which is useful for conversion 
of a nitrile to an amide without producing significant 
amounts of an acid. The thermophilic bacterial strain 
deposited as ATCC 202119. The thermophilic bacterial 

20 strain wherein the nitrile is acrylonitrile, the amide 

is acrylamide and the acid is acrylic acid. 

The bacterial embodiments also include a 
thermophilic Bacillus sp. having a nitrile hydratase 
enzyme that is const i tut ively expressed, optimally 

25 active at 55°C, stable at 60°C, and cobalt-containing 

which is useful for conversion of a nitrile to its 
corresponding amide without producing significant 
amounts of its corresponding acid. The Bacillus sp. 
wherein the nitrile is acrylonitrile, the amide is 

30 acrylamide, and the acid is acrylic acid. The Bacillus 

sp. wherein the Bacillus sp. is deposited as ATCC 
202119. The thermophilic Bacillus sp. deposited as 
ATCC 202119 encodes an amidase activity. 

The present invention relates to the following 

35 embodiments of processes for converting a nitrile to an 

amide. A process for conversion of a nitrile to an 
amide which comprises: (a) reacting the nitrile with a 
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nitrile hydratase which is constitutively produced by a 
thermophilic Bacillus sp. wherein the nitrile hydratase 
is active at a temperature between 20°C to 70°C and 
active in the presence of a cobalt ion; and (b) 
isolating the amide . The process wherein the nitrile is 
acrylonitrile and the amide is acrylamide. The process 
wherein the reaction is conducted at a tempera ture 
within the range of 20°C to 70°C. The process wherein 
the nitrile hydratase is produced by the thermophilic 
bacterium and wherein the bacterium is deposited as ATCC 
202119. 

A second process embodiment, is a process for 
conversion of a nitrile to an amide by the action of a 
microorganism, the improvement comprises: (a) reacting 
the nitrile with a nitrile hydratase which is produced 
by a thermophilic Bacillus sp- which has been cultured 
in the presence of cobalt ion contained in a culture 
medium in an amount of about 5 to 20 mg/1 and at a 
temperature of 60°C, to produce the nitrile hydratase in 
the Bacillus sp. which is active at 20°C to 70°C; and (b) 
isolating the amide produced. The process wherein the 
nitrile is acrylonitrile and the amide is acrylamide. 
The process wherein the reaction is conducted at a 
temperature between 20°C and 70°C. The process wherein 
the Bacillus sp. is deposited as ATCC 202119. 

A third process embodiment, a process for 
conversion of a nitrile to an amide which comprises: (a) 
cultivating a thermophilic Bacillus sp. which has a 
nitrile hydratase activity that is active within the 
temperature range of 20°C to 70°C in a medium containing 
a cobalt ion; (b) making a suspension of the 
thermophilic Bacillus sp.; (c) reacting the nitrile with 
the suspension of thermophilic bacteria; and (b) 
isolating the amide. The process wherein the nitrile is 
acrylonitrile and the amide is acrylamide. The process 
wherein the reaction is conducted within a temperature 
range of 20°C and 70°. The process wherein the nitrile 
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hydratase is produced by the Bacillus sp. deposited as 
ATCC 202119, 

The present invention also relates to an 
embodiment which is a process for conversion of a amide 
to an acid by the action of a microorganism, the 
improvement comprises: (a) reacting the amide with an 
amidase which is produced by a thermophilic Bacillus sp. 
deposited as ATCC 202119 which has been cultured to 
produce the amidase; and .(b) isolating the acid 
produced. The process wherein the amide is acrylamide 
and the acid is acrylic acid. The process wherein the 
Bacillus sp. is deposited as ATCC 202119. 

The present invention also embodies a nitrile 
hydra tase produced by a bacteria strain deposited as 
ATCC 202119. An enzyme having nitrile hydratase 
activity comprising an alpha subunit which has an amino 
acid sequence with at least a 90% sequence identity to 
the sequence in SEQ ID NO: 9 and a beta subunit which has 
an amino acid sequence with at least a 90% sequence 
identity to the sequence in SEQ ID NO: 11. 

The present invention embodies a recombinant 
organism comprising an isolated DNA from a bacterium 
deposited as ATCC 202119 wherein the DNA encodes alpha 
and beta subunits of a nitrile hydratase. A recombinant 
organism comprising an isolated DNA from a bacterium 
deposited as ATCC 202119 wherein the DNA encodes an 
amidase having 90% identity to the amino acid sequence 
as set forth in SEQ ID NO: 7. 

The present invention is not to be limited to 
the aforementioned embodiments. 

The nitrile hydratase of the present invention 
is from a thermophilic Bacillus sp. which provides an 
enzyme catalyst with improved resistance to 
acrylonitrile inactivation. The improved resistance to 
inactivation allows the use of increased temperatures 
for production of acrylamide. The advantages of 
reactions held at higher temperatures include increased 
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reaction rates, higher solubility of the acrylamide 
product, and decreased cooling costs for this exothermic 
reaction* The isolation and properties of a preferred 
moderately thermophilic Bacillus sp. isolate which 
produces a thermostable nitrile hydratase is described. 

Thermostable nitrile hydratases from aerobic 
moderate thermophiles were screened for ability to 
convert acrylonitrile to acrylamide at elevated 
temperatures and at acrylonitrile concentrations greater 
than 1%. A new Bacillus sp. (BR449) was discovered 
which constitutively expresses a thermostable nitrile 
hydratase having among its properties low substrate 
inhibition and optimal activity at 55°C. The nitrile 
hydratase cannot be induced to higher levels by exposing 
the cells to a nitrile, thus the nitrile hydratase 
expression is constitutive. The constitutive and non- 
inducible property of the BR449 nitrile hydratase was an 
unexpected property of the enzyme which, was surprising 
in view of the prior art which discloses nitrile 
hydratase enzymes which are inducible. Following 
prolonged exposure to acrylonitrile, the BR449 nitrile 
hydratase exhibited a temperature-dependent inactivation 
by the acrylonitrile, which is attributed to alkylation 
of the nucleophilic sites on the enzyme. 

Bacillus sp. BR449 was deposited with the 
American Type Culture Collection, 10801 University 
Boulevard, Manassas, Virginia 20110-2209 on April 30, 
1998 under the Budapest Treaty as ATCC 202119. All 
rights to access to the deposited strain are removed 
upon granting a patent on this invention. It is 
understood that the process of the present invention is 
not limited to the deposited BR449 since variants of the 
strain, i.e., mutants, cell fusion strains or 
recombinant bacteria strains derived from BR449, can 
also be used in the process of the instant invention. 
Examples of such mutants are mutant bacteria that do not 
express the amidase gene at all and mutants that express 
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the amidase gene but not the genes encoding the nitrile 
hydratase activity. These mutants can be related 
bacteria isolates that have either arisen spontaneously 
or under selection conditions designed to isolate the 
mutants. Alternatively, recombinant bacteria which 
selectively express either the amidase gene or the 
nitrile hydratase genes can constructed using any of the 
genetic engineering methods that are well known to those 
skilled in the art. Mutant or recombinant bacteria 
having no residual amidase activity will convert all of 
a nitrile substrate to its amide without production of 
any of the corresponding acid as a by-product. 
Conversely, mutant or recombinant bacteria that express 
the amidase gene to the exclusion of the nitrile 
hydratase gene are useful for converting amides to the 
corresponding acids. 

In practicing the process of the present 
invention, BR449 is cultured for 2 to 3 days in culture 
medium containing a carbon source such as glucose. An 
example of a suitable medium is OP medium which is set 
forth in Example 1. During cultivation, it is 
preferable to include at least one divalent metal salt 
at a concentration of approximately 20 mg/1 in the 
growth medium. The preferred divalent metal salt is 
Co 2+ . After cultivation, the cells are collected from 
the culture medium by centrifugation and the pelleted 
cells resuspended in a buffer (e.g., potassium phosphate 
buffer) containing acrylonitrile. 

The nitrile hydratase reaction is conducted in 
an aqueous suspension containing about 1 to 20 mg (dry 
weight) cells/ml and acrylonitrile between 1% and 5% by 
weight, preferably around 1%, in a potassium phosphate 
buffer at a pH between 6 and 9, preferably around 7.5. 
The reaction temperature is between 20°C and 70°C with 
the preferred temperature at 22°C which maximizes the 
yield of acrylamide from acrylonitrile by prolonging the 
lifetime of the catalyst. However, at a temperature of 
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55°C the nitrile hydratase activity is at a maximum but 
with a shorter half -life because of alkylation by of the 
nucleophilic sites on the enzyme. Therefore, the choice 
as to whether the reaction is conducted at 22 °C or 55°C, 
or at a temperature in between, will depend on which is 
more important to the practitioner, nitrile hydratase 
reaction speed or longevity* Additionally, during the 
reaction, the concentration of acrylonitrile can be 
maintained at a preferred concentration by subsequently 
adding acrylonitrile to the reaction to replace the 
acrylonitrile that has been converted to acrylamide. 
The reaction is allowed to proceed for approximately two 
hours and the acrylamide formed during the reaction is 
recovered by art-known methods. 

For example, the BR449 cells can be separated 
from the reaction mixture by centrifugation, followed by 
treatment with activated charcoal or an ion exchange 
resin to remove contaminants. Then, the amide compound 
can be concentrated or precipitated by distillation or 
evaporation under reduced pressure. Though further 
purification of the amide is usually not performed, the 
precipitated amide crystals can be recrystallized from 
an organic solvent such as chloroform or methanol to 
give the purified amide compound. 

While the present invention can be practiced 
with intact cells, it can, from the standpoint of 
repeated use, continuous operation and product recovery, 
be preferable to immobilize the cells. Any method of 
immobilizing cells which is known in the art and which 
does not substantially reduce the nitrile hydratase 
activity can be used. Preferred methods include 
immobilization in agarose, alginate, and polyacrylamide. 
Examples of techniques for cell immobilization and use 
of immobilized cells in manufacture of amides have been 
described in U.S. Patent No. 4,248,968 to Watanabe et al 
which is herein incorporated by reference. 

Cell immobilization can be accomplished by 
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suspending the BR449 cells in a suitable aqueous medium 
such as physiological saline or buffered solution 
containing an acrylamide monomer and cross-linking 
agent, then adding a suitable polymerization initiator 
and polymerization accelerator to the suspension and 
allowing the polymerization to proceed. 

The acrylamide monomers used to immobilize the 
BR449 cells include, for example, acrylamide, 
methacrylamide, etc. The concentration of each monomer 
in the reaction should be sufficient to form a gel as a 
result of the polymerization reaction, and is usually 
between 2 and 30% by weight, based on the reaction 
solution. The cross-linking agents include N,N'- 
methylenebisacrylamide, 1, 3-di- (acrylaminomethyl) -2- 
imidazolidone, etc. Ammonium persulfate or potassium 
persulfate are examples of polymerization initiators 
suitable for the reaction. Dimethylaminopropionitrile 
and triethanolamine are examples of polymerization 
accelerators suitable for the reaction. Any 
polymerization initiator or accelerator which minimally 
inhibits the activity of microorganisms is suitable. 

Thus, there can be obtained polymer gels 
containing the BR449 cells which are immobilized. The 
gel so obtained can be crushed and used in batch method 
to convert acrylonitrile to acrylamide. Alternatively, 
the crushed gel can be packed into a column and 
acrylonitrile bearing solution is pumped through the 
column wherein the acrylonitrile is converted to 
acrylamide. The immobilized cells as described above 
can be used in a continuous column procedure. 

The continuous column method uses one or a 
plurality of columns connected to each other in series, 
which are filled with the immobilized BR4 4 9 cells. The 
immobilized cells are crushed to a size within the range 
of 0.5 to 5 mm and packed into the columns at a density 
between 0.3 to 0.5 g immobilized cells/cc. Then, the 
nitrile such as acrylonitrile is continuously fed into 
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the column as an aqueous solution via the column inlet 
and, at the same time, continuously feeding the nitrile 
at an intermediate stage or location before completion 
of the reaction in an amount soluble in the reaction 
solution* In situations where one column is heeded or 
used, a sectional column having one or more feed inlets 
provided between the column inlet and column outlet, and 
which comprises a few sections is preferable. 

In addition to columns consisting of 
immobilized cells or batches containing free or 
immobilized cells, batches or columns containing crude 
or purified nitrile hydratase enzyme preparations can 
also be used. The advantage over using cells, either 
whole or immobilized, is that a much higher specific 
activity per unit volume or area can be achieved using 
enzyme extracts as opposed to intact cells. The cost of 
isolating BR449 nitrile hydratase can be made extremely 
cost effective by cloning the nitrile hydratase genes in 
an organism such as E. coli using high copy number or 
high expression plasmid vectors to produce the nitrile 
hydratase. In this manner, quantities of nitrile 
hydratase can be produced that are much higher than the 
quantities that are obtainable using BR449 cells to 
isolate the nitrile hydratase enzyme. 

As mentioned above, the isolated DNA encoding 
nitrile hydratase can be isolated from BR449 and the 
genes encoding the alpha and beta subunits cloned into 
a suitable organism. The advantages for cloning the 
nitrile hydratase gene of BR449 into another organism 
are many-fold. The first advantage is that organism 
contains many copies of the gene which enables each 
organism to produce more of the enzyme compared to the 
quantities produced by BR449 cells. This is useful both 
using the whole cell method for converting a nitrile to 
its corresponding amide and when the enzyme is to be 
purified. A second advantage is that the expression of 
the enzyme can be made to be inducible when the genes 
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are operably linked to an inducible promoter. In BR449, 
the nitrile hydratase is continuously expressed and is 
not inducible* It can be anticipated that for certain 
applications it can be advantageous to operably link the 
nitrile hydratase genes to promoters that are inducible. 
Such promoters can be used to limit expression to those 
times when expression is needed. A third advantage is 
that the nitrile hydratase reaction can be performed at 
lower temperatures which prolongs the half-life of the 
enzyme and is useful for some conversions. Thus, at the 
lower temperature, more of the amide product is produced 
per reaction. A novel characteristic of the enzyme is 
its ability to operate at higher temperatures than 
similar nitrile hydratases in the prior art at neutral 
pH's. A fourth advantage is that the nitrile hydratase 
can be expressed in non-procaryote organisms such as 
yeast or plants. In plants the nitrile hydratase 
expression can be directed to specific parts of the 
plant such as the seeds or fruiting bodies which can be 
a very effective means for producing the nitrile 
hydratase. Examples of plants that are useful for 
expressing the nitrile hydratase or amidase genes are 
crop plants such as corn or tobacco, aquatic plants such 
as algae, or weedy plants like Arabidopsis thaliana. 

The molecular biology techniques that can be 
used to clone the BR449 nitrile hydratase genes are 
well-known in the art (Sambrook et al., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y. (1989) is an 
example of an authoritative guide to molecular biology) 
and expression vectors suitable for expression of the 
genes in procaryote and/or eukaryote cells are 
commercially available from a large number of vendors. 
Transformation and transfection techniques such as cell 
fusion, electroporation, biolistic or conventional 
injection are also well-known in the art and are 
described in Sambrook et al (ibid.). Other methods 
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which are common specifically to plants include 
AgrroJbacteriuro-mediated transformation and biolistic 
injection. 

An attractive and useful purpose for 
expressing the nitrile hydratase genes in another 
organism is that the expression of the alpha and beta 
subunits can be uncoupled from expression of the amidase 
gene. Thus, recombinant organisms can be made which do 
not express any amidase activity at all, unlike the in 
BR449. Conversely, recombinant organisms can also be 
made which express only the amidase activity without any 
nitrile hydratase activity. These recombinant organisms 
can be used to convert amides to the corresponding acid. 
Also, by operably linking the nitrile hydratase gene or 
the amidase gene to the appropriate promoter expression 
of the gene in the recombinant organism can be increased 
many-fold over expression in BR449, or made inducible so 
that expression of the two genes can be differentially 
regulated. 

The following examples are intended to promote 
a further understanding of the present invention. 

EXAMPLE 1 

This example shows the isolation and 
characterization of nitrile-degrading thermophilic 
bacteria. In particular, the BR449 isolate is described 
and the properties of its nitrile hydratase is provided. 

MATERIALS AND METHODS 

Isolation of acrylonitrile-degrading thermophiles 

Nitrile-degrading thermophilic bacteria were 
isolated from acrylonitrile enrichments of soil samples 
collected from pristine and polluted locations in 
Michigan and incubated at 60°C. The enrichment medium 
(DP) was designed to provide nutrients for more 
fastidious organisms, but to select for organisms 
capable of growth using acrylonitrile as a principal 
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carbon source. The OP medium at pH 7.2 contained per 
liter: K 2 HP0 4 , 0.5 g; NH Cl, 1 g; MgSQ , 20 mg; yeast 
extract, 0.2 g; casamino acids, 0.1 g; trace element 
solution, 1 ml (Barnett, J. A., et al., J* Appl. 
Bacteriol. 18: 131-145 (1955)), and acrylonitrile, 2 g. 
Primary isolations were obtained by spreading week-old 
suspensions of enrichment cultures on DP plates 
containing 0.2% acrylonitrile followed by incubation at 
60°C in sealed plates. Re-streaking of isolates at 
progressively higher acrylonitrile concentrations 
yielded thermophiles capable of growth on acrylonitrile 
at concentrations up to 1%. 

Growth of Bacillus isolates 

Bacillus sp. BR449 (ATCC 202119) was grown in 
OP medium at pH 7.2 which contained per liter: KH 2 P0 4 , 
1 g; K 2 HP0 4 , 0.5 g; yeast extract, 1 g; malt extract, 1 
g; peptone 2 g; glycerol, 3 g; casamino acids, 0.1 g. 
The isolate was grown at 60°C using turbidity to monitor 
culture density. Divalent metal salts were added to the 
growth medium where indicated in concentrations of 20 
mg/1. 

Nitrile bydratase and amidase assay 

Nitrile hydratase activity was measured using 
whole cells in assays containing 20 mg (dry wt) cells, 
in 1 ml 0.5 M acrylonitrile and potassium phosphate 
buffer, containing 0.5 M acrylonitrile, pH 7.5. The 
reaction mixture was incubated in a water bath at 50°C 
with shaking for 10 minutes, and the reaction stopped by 
addition of 0.2 ml 2 N HC1. Acrylamide formation was 
measured using HPLC by injection into a Novapak C-18 
reverse phase column and eluted with 1:12 
acetonitrile: 5mM potassium phosphate buffer, pH 2.5. 
Peaks were identified at 200 nm with a Waters (Newton, 
Massachusetts) variable wavelength detector and analyzed 
with reference to chemical standards. One unit of 
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nitrile hydratase activity is defined as the formation 
of one /iroole acrylamide per minute. Amidase activity 
was measured in the same manner using 0.5 M acrylamide 
as substrate by measurement of acrylic acid formation. 

Enzyme stability studies 

For studies of nitrile hydratase stability, 
whole cells of BR449 were incubated at varied 
temperatures in 50 mM potassium phosphate buffer, pH 
7.5, following which the nitrile hydratase assay was 
carried out at 50°C. \ 

Thermophile identification 

Thermophile isolate BR449 was identified by 
16S ribosomal gene sequence using universal primers and 
PCR methods described by Maltseva et al (Maltseva, O., 
et al., Microbiology 142:1115-1122 (1996)). Amplified 
DNA product was sequenced at the Michigan State 
University Sequencing Facility, East Lansing, Michigan 
using an Applied Biosystems Model 173A automatic 
sequencer. Partial sequences were compared to Gene Bank 
data using the Basic Local Alignment Search Tool (BLAST) 
from the National Center of Biotechnology Information 
and the Ribosomal Database Project. 

RESULTS 

Characteristics of thermophile isolates 

Following acrylonitrile enrichment of soil 
samples collected from varied locations, 50 isolates 
were selected for their growth ability on acrylonitrile. 
Of these, six demonstrated good growth at acrylonitrile 
concentrations higher than 0.2% at 50-60°C. All six 
isolates grew well at 50-60°C, with no growth observed 
at 45°C. While similar in appearance and colony 
morphology, these isolates demonstrated significant 
differences in nitrile hydratase and amidase expression. 
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TABLE 1 

Nitrile degrading enzymes in the new isolates 



New 
Organisms 


Nitrile Hydratase 
Specific Activity 
(U/mg) 


Amidase 
Specific 
Activity 
(U/mg) 


BR443 


3,0 


21.4 


BR444 


47.2 


15.5 


BR445 


19.2 


17.5 


BR446 


24.8 


4.9 


BR447 


1.1 


7.0 


BR448 


0.8 


14.6 


BR449 


77.6 


11.3 



Of these, isolate BR449 demonstrated the highest nitrile 
hydratase activity with only modest amidase activity, 
and was selected for detailed study (Table 1) . This 
isolate could readily grow on plates and in liquid 
culture in 1% acrylonitrile, a concentration toxic to 
most other bacteria. In addition, the hydratase of 
BR449 proved to be quite resistant to acrylonitrile 
substrate inhibition, with only 47% inhibition in the 
presence of 10% acrylonitrile during assay at 50°C 
(Figure 1) . 

Identification of BR449 

The genus/species of BR449 was determined by 
comparing its 16S ribosomal (rRNA) gene sequence to the 
16S rRNA gene sequence of other bacteria. PCR using 
universal primers and PCR methods described by Maltseva 
et al.. Microbiology 142: 1115-1122 (1996) was used to 
isolate a 1.4 kb PCR product which encoded residues of 
the BR449 16S rRNA gene. The 1.4 kb PCR product was 
sequenced at the Michigan State University Sequencing 
Facility using an Applied Biosystems Model 173A 
automatic sequencer and partial DNA sequences were 
analyzed using the Basic Local Alignment Search Tool 
(BLAST) from the National Center of Biotechnology 
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Information (NCBI) and the Ribosomal Database Project. 
The sequences producing significant alignments are shown 
in Table 2. 



Table 2 



Sequences producing significant alignments 



Identification No. 



Description 



(Bits) Value 



cnft>IZ26929IB316SKKWA 



Bacillus so. crene for 163 rt^^l FWA 



997 



emblS26930IBP163RKKA 



B.pallldus gene for 163 ribosomal KNA 



emb | Z26931 | BT16SRRNC 
gb|U59630|BSU59630 
gb|L09227|SAHRDGX 
gb | L29507 | BAC1RRAAA 
gbt AF067651 (AF067651 
emb | 2269261 BT1 6SRRNG 
emb | X62 17 8 | BANCIMD 
emb | Z26922 I DC1 6SRRNB 
gb | M77 4 85 1 BACRRSSB 
emb | Z 2 6 92 3 1 BT1 6SRRN F 
gb t M7 7 4 B4 | BACRRSSA 
emb I Z2 6 92 4 | BC1 6SRRNC 
emb I X6061 8 1 BKAU16S 
emb I Z26 927 | BD1 6SRRNB 
embt Z26928IBT16SRRNK 
gb I M7 7 4 87 | BACRRSSD 
gb | M7 7 4 8 8 f BACRRSSE 
emb | Z26925 | BC16SRRND 
emb I X6064 1 | BTHER1 6SR 
emb | AJ01 1362 | UBA01 1 362 
emb t X57 309 1 BS16SRNA 
emb | X62 180 1 BCDSMRRNA 
gb|AF078814 IAF078814 
gb|AF001964|BFAF001964 
gb | AF001 961 | BFAF001 961 
emb | Z26932 I BF16SRRNA 
gb | AF001 963 | BFAF001 963 
emb | Z 26 93 5 1 BS1 6SRRNC 
gb I AF001 962 I BFAF001 962 
gb(U46747|BOU46747 
emb 1X64 465) BM1 6SRRN 
>|X69643|BSHTJ.6SP, 



B. thermoalkalophilus gene for 16S ribosoma.. 
Bacillus ICPS6 16S ribosomal RNA gene, seque., 
Saccharococcus thermophilus 16S ribosomal RNA. . 
Bacillus sp. 16S rlbsomal RNA {16S rRNA) gene 
Bacillus caldoxylolyticus 16S ribosomal RN. . 
B. thermocatenulatus gene for 16S ribosomal.. 
B.aminovorans NCI MB 8292 (T) rRNA 

B.caldotenax gene for 16S ribosomal RNA 
Bacillus caldovelox (DSM 411) ribosomal RNA . . 

B. thermoleovorans gene for 16S ribosomal RNA 
Bacillus caldolyticus (DSM 405) ribosomal RN.. 

B.caldolyticus gene- for 16S ribosomal RNA 
B.kaustophilus 16S ribosomal RNA 

B.denitrif leans gene for 16S ribosomal RNA 
B. thermodenitrif icans gene for 16S ribosom. . 
Bacillus thermodenitrif icans (NCIMB 11730) r. . 
Bacillus thermoleovorans (ATCC 43513) riboso. . 
B. caldovelox gene for 16S ribosomal RNA 
B. thermoglucosadicus 16S ribosomal RNA 

uncultured bacterium 16S rRNA gene, part.. 
B.stearothermophilus 16S rRNA 
B.caldotenax DSM 406 (Tl rRNA 
Bacillus sp. 4830 16S ribosomal RNA gene, .. 
Bacillus flavothermus isolate AB005 16S 
Bacillus flavothermus isolate AB002 16S 
B. flavothermus gene for 16S ribosomal RNA 
Bacillus flavothermus isolate AB004 16S 
B.smithii gene for 16S ribosomal RNA 

Bacillus flavothermus isolate AB003 16S 
Bacillus sp. OS-ac-18 16S ribosomal RNA gene.. 
B.methanolicus 16S ribosomal RNA 
B.smithii 163 ribosomal RNA 



975 



888 
720 
718 
714 
702 
678 
672 
668 
668 
664 
664 
662 
656 
656 
654 
652 
64 4 
636 
636 
630 
628 
618 
593 
581 
581 
549 
543 
541 
537 
533 
509 
507 



JL0 
o^o 

0. 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

e-179 

e-178 

e-175 

e-167 

e-164 

e-164 

e-154 

e-152 

e-152 

e-151 

e-149 

e-142 

e-142 



emb I Z 9 9 1 0 4 | BSUB00 01 
dbj |D26185|BAC180K 
dbj |AB020193|AB020193 
gb | K00637 | BACRGRRNB 
emb 1X945581 HL1 6SRRN1 



Bacillus subtilis complete genome {section ... 494 e-13B 

B. subtilis DNA, 180 kilobase region of repl 494 e-138 

Bacillus sp. DNA for 16S ribosomal RNA, s 494 e-138 

B. subtilis rrnB operon with 23S rRNA, 16SrR... 494 e-138 

H. 1 itoralis 16S rRNA gene 4 94 e- 138 



The BR449 16S rRNA gene sequence (SEQ ID NO:l) 
shown in Figure 6 showed 100% identity to the 16S rRNA 
gene sequence of Bacillus sp!3 (SEQ ID NO: 2) as shown in 
Figure 7. When the 16S RNA gene sequence from BR449 was 
compared to the 16S rRNA gene sequence of Bacillus 
pallidus (SEQ ID N0:3), an identity of 99.6% was shown 
(Figure 8), Finally, the 16S RNA gene sequence from 
BR449 was compared to the 16S rRNA gene sequence of 
Bacillus smithii (SEQ ID N0:3). As shown in Figure 9 
BR449 showed an identity of only 91.7%. 
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These results indicate that BR449 is not 
closely related to Bacillus smithii, but is a Bacillus 
strain which is very closely related to Bacillus 
pallidus, and virtually indistinguishable from Bacillus 
spl3 based on 16S RNA comparisons. The 100% identity of 
BR449 to Bacillus sp. is based on 16S RNA comparisons 
and there may be other genomic sequences which would 
show that BR449 is also distinct from Bacillus sp!3 . 
Although Bacillus spl3 has not been validly described, 
it is differentiated from other members of the moderate 
thermophile group by lack of extracellular amidase 
activity (Rainey, F.A., et al., FEMS Microbiol. Lett. 
115: 205-212 (1994)). BR449 also does not show 
extracellular amidase activity, which is consistent with 
the 16S rRNA gene sequence comparisons and further 
indicates that BR449 is more related to Bacillus spl3 
and Bacillus pallidus than to B. smithii. 

Effect of additions on nitrile hydratase activity 

Divalent metal ions were added during growth 
of isolate BR449 to provide indications of metals 
stimulatory to nitrile hydratase production. As shown 
in Table 3, addition of divalent cobalt greatly 
increased the specific activity of nitrile hydratase 
expressed by the cells. 
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TABLE 3 

Effect of metal ions on nitrile 
hydratase activity 



Metal 
Ions 


Total Cells 
(mt/1, dry 
weight) 


Nitrile hydratase 
Specific Activity 
(U/mg) 


Amidase 
Specific 
Activity 
ru/mcn 


None 


90 


3.2 


1.8 


Co 2+ 


225 


71.5 


9.7 


Cu 2+ 


90 


1.9 


1.5 


Fe 2 * 


490 


4.3 


2.3 


Mn 2+ 


65 


2.2 


2.1 


Ni 2+ 


80 


6.8 


3.4 



This finding indicates that the BR449 nitrile hydratase 
15 is a cobalt-containing enzyme family which includes the 

Rhodococcus rhodochrous Jl and Pseudomonas putida NRRL- 
18668 nitrile hydratases (Nagasawa, T. , et al., Appl. 
Microbiol. Biotechnol. 40:189-195 (1993); and Payne, 
M.S. , et al.. Biochemistry 36:5447-5454 (1997)). 
20 Induction of hydratase activity by addition of 

acrylonitrile during BR449 growth was without effect 
indicating constitutive enzyme production by the 
isolate. No organic acids were necessary to preserve 
enzyme stability. 

25 

Temperature and pH optimum of BR449 

BR449 showed a broad pH optimum for activity, 
with a maximum near pH 7.5 (Figure 2). The BR449 
nitrile hydratase has a surprisingly broad temperature 
30 range between 20° and 70°C, with an optimum at 55°C. In 

separate enzyme stability studies, the BR449 nitrile 
hydratase proved stable during two hour incubations in 
buffer at temperatures to 60°C, with inactivation 
ensuing above this temperature (Figures 3 and 4) . 



35 
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Acrylamide Production 

In preliminary experiments to determine rates 
of acrylamide production with temperature, 20 mg dry 
weight BR449 cells were incubated with shaking in 2% 
acrylonitrile, 50 mM phosphate buffer, pH 7.5. As seen 
in Figure 5, initial reaction rates at higher 
temperatures were initially rapid, but ceased after one 
hour or less. This proved to be due to catalyst 
inactivation, as dilution with fresh substrate was 
without effect (data not shown) . Although the initial 
reaction was slower, lowering the reaction temperature 
to 22 °C resulted in prolonged catalyst lifetime and < 
increased product formation. 

DISCUSSION 

Aerobic thermophiles were isolated which are 
able to grow in acrylonitrile concentrations of 1%. 
Bacillus sp. BR449 proved of particular interest in its 
tolerance to acrylonitrile, as well as high nitrile 
hydra tase activity. Stimulation of enzyme specific 
activity in this isolate with cobalt addition to the 
growth medium suggests that the BR449 nitrile hydratase 
is likely to be a member of the cobalt-containing 
family. While the BR449 hydratase resists inhibition by 
concentrated acrylonitrile in shorter term assay at 50 
degrees, longer term incubations in 2% acrylonitrile 
resulted in highly temperature-dependent inactivation, 
even at temperatures where the enzyme was stable in 
buffer. Since the propensity for vinyl compounds 
including acrylonitrile to alkylate the nucleophilic 
protein residues histidine and cysteine is well 
established (Friedman, M., J. Am.' Chem. Soc. 87:3672- 
3682 (1967)), inactivation was likely due to 
acrylonitrile alkylation of nucleophilic enzyme residues 
important for conformational stability and/or catalytic 
activity, and at enzyme locations vulnerable to attack 
such as the active site. 
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Although the determinants of enzyme stability 
are becoming increasingly understood (Dill, K. A. , 
Biochemistry 29:7133-7157 (1990)), the relationships 
between enzyme thermostability and resistance to 
chemical inactivation have been less well investigated. 
It is generally recognized that at the same temperature, 
thermostable enzymes have less flexibility than their 
thermolabile counterparts, and are therefore more 
resistant to chemical denaturants (Tombs, M. P., J. 
Appl. Biochem. 7:3-24 (1985)). Studies of spontaneous 
deamination, a major source of enzyme inactivation at 
both moderate and high temperatures, have demonstrated 
the important influences of conformational stability and 
neighboring residues on rates of inactivation (reviewed 
in Daniel, R. M. , Enz. Microb. Technol. 19:74-79 
(1996)) . 

Thus, although the nitrile hydratase of 
Bacillus sp. BR449 exhibits a number of attractive 
scientific and biotechnological attributes, it is likely 
that identification and site-directed replacement of the 
alkylation-sensitive residues can provide an even more 
effective catalyst for acrylonitrile industrial 
bioconversions at elevated temperatures. The DNA 
encoding the enzyme can be isolated and inserted in 
another bacterium such as E. coli for production of the 
enzyme. 

EXAMPLE 2 

A 3.3 kb DNA fragment of BR449 was sequenced 
and identified as containing the coding region for the 
beta subunit and the coding region for the alpha subunit 
of the BR449 nitrile hydratase. Also located on the DNA 
fragment is the gene encoding the amidase gene and an 
open reading frame 1 designated as 0RF1 of unknown 
activity. The DNA sequence of the 3.3 kb DNA fragment 
is shown in Figure 10 (SEQ ID N0:5). 

The amino acid sequence of the alpha subunit 
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encoded by SEQ ID NO: 8 is shown in Figure 11. The alpha 
subunit is a 214 amino acid protein (SEQ ID NO: 9) . The 
amino acid sequence of the BR449 alpha subunit was 
compared to the 220 residue amino acid sequence of the 
alpha subunit of the nitrile hydratase of Bacillus 
smithii strain SC-J05-1 disclosed in U.S. Patent No. 
5,563,053 to Takashima (SEQ ID N0:15). Figure 16 shows 
that the amino acid sequence of the BR449 alpha subunit 
had no more than an 87.7% identity to the amino acid 
sequence of the alpha subunit of Bacillus smithii. When 
the DNA sequence encoding the BR449 alpha subunit (SEQ 
ID NO: 8) was compared to the DNA encoding the alpha 
subunit of Bacillus smithii (SEQ ID NO: 14) , the results 
showed only an 81.4% degree of identity (Figure 15). 
These results show that the gene sequence encoding the 
alpha subunit of the BR449 nitrile hydratase, while 
related, is distinct from the homologous gene in 
Bacillus smithii. 

The amino acid sequence of the beta subunit 
encoded by SEQ ID NO: 10 is shown in Figure 12. The beta 
subunit is 229 amino acids (SEQ ID NO: 11). The beta 
subunit was compared to the 229 residue amino acid 
sequence of the beta subunit of the nitrile hydratase of 
Bacillus smithii strain SC-J05-1 (SEQ ID NO: 17). Figure 
18 shows that is no more than 82.5% identity between the 
amino acid sequences of the beta subunit of BR449 to 
Bacillus smithii. When the DNA sequence encoding the 
BR449 beta subunit (SEQ ID NO: 10) was compared to the 
DNA encoding the beta subunit of Bacillus smithii (SEQ 
ID NO: 17), the results showed only an 85.6% degree of 
identity (Figure 17) . These results show that the gene 
sequence encoding the beta subunit of the BR449 nitrile 
hydratase, while related, is distinct from the 
homologous gene in Bacillus smithii. 

The sequence for the amidase gene (SEQ ID NO; 6 
is shown in Figure 13 . 

The amino acid sequence of ORF1 encoded by SEQ 
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ID NO: 12 is shown in Figure 14, ORF1 is 101 amino acids 
(SEQ ID NO: 13) and a homology search shown in Figure 19 
showed that ORF1 has an amino acid sequence that appears 
to have limited identity (score 77.6) to the amino acid 
5 sequence of the beta subunit of Rhodococcus rhodochrous 

nitrile hydratase (SEQ ID NO: 18) • 

While the nitrile hydratase of BR449 has 
limited amino acid identity to the nitrile hydratase of 
Bacillus smithii (87.7% and 85.6% for the alpha and beta 

10 subunits respectively) , the sequence analysis clearly 

shows that the nitrile hydratase gene of these two 
organisms are distinct. Thus, these amino acid sequence 
differences and the 16S RNA sequence data in Example 1 
indicate that BR449 is a new and hitherto unknown 

15 species of Bacillus. Accordingly, the biochemical 

properties of the BR449 nitrile hydratase shown herein 
is distinct from that of other microorganisms. 

EXAMPLE 3 

20 The following Example shows the production of 

acrylamide from acrylonitrile using intact cells in a 
batch method. BR449 cells are cultured at 60°C in DP 
medium containing 20 mg/1 Co 2+ . After 2 to 3 days, the 
cells are collected from the culture medium by 

2 5 centr i f ugat ion . 

The pelleted cells are resuspended at a 
concentration between 1 to 20 mg (dry weight) cells/ml 
in a potassium phosphate buffer at pH 7.5 containing 2% 
acrylonitrile. The reaction temperature is at 22°C 

30 which maximizes the yield of acrylamide from 

acrylonitrile by prolonging the lifetime of the 
catalyst. During the reaction, the cells are 
continuously agitated and the concentration of 
acrylonitrile is maintained at 2% by adding 

35 acrylonitrile dropwise to the reaction. After 2 to 2.5 

hours or longer, the acrylamide is measured directly 
from the reaction. Alternatively, the cells can be 
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pelleted and the acrylamide recovered from the 
supernatant fraction by chloroform extraction, 

EXAMPLE 4 

An example for the preparation of immobilized 
BR449 cells for use in batch production of acrylamide 
from acrylonitrile is as set forth below. 

Four parts of intact BR449 cells (water 
content about 75%) grown in the presence of Co 2+ as 
described in Example 4, 0.45 parts of acrylamide, 0,05 
parts of N-N'-methylenebisacrylamide, and 4 parts of 
physiological saline are mixed to prepare a uniform 
suspension. To this suspension, 0.5 parts Of a 5% 
dimethylaminopropionitrile solution and 1 part of a 2.5% 
potassium persulf ate solution are added. The reaction 
is maintained at 10°C to 15°C for 3 0 minutes to allow 
polymerization. After polymerization, the cell- 
containing gels are crushed and washed with 
physiological saline to give 10 parts of immobilized 
cells. 

Measurement of acrylamide producing ability of 
immobilized BR449 cells is compared to intact BR449 
cells. 0.8 part of intact cells or 2 parts of the 
immobilized cells are diluted with 0.05 M phosphate 
buffer (pH 8.0) to make 100 parts. Then, for each 
dilution, equal parts of the diluted solution and 2% 
acrylonitrile are mixed together, and allowed to react 
at 22°C to 60°C for 30 minutes with stirring. Production 
of acrylamide in each of the reaction mixtures is 
determined using a Novapak C-18 reverse phase HPLC 
column as in Example 1. 

EXAMPLE 5 

An example for the preparation of immobilized 
BR449 cells for use in column production of acrylamide 
from acrylonitrile is as set forth below. 

Forty parts of intact BR449 cells grown in the 
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presence of Co 2+ as in Example 4 is mixed with 4.5 parts 
acrylamide, 0.5 parts N,N'-methylenebisacrylamide and 40 
parts physiological saline to prepare a uniform 
suspension. To this suspension is added 5 parts 5% 
dimethylaminopropionitrile and 10 parts of a 2.5% 
potassium per sulfate solution. The mixture is allowed 
to polymerize at 10°C for 30 minutes. Afterwards, the 
cell-containing gels are crushed into small particles 
and washed with physiological saline to obtain 100 parts 
of the immobilized cells. 

Five jacketed columns, 3 cm inside diameter, 
25 cm length, are each filled with 40 g of the 
immobilized cells and connected to each other in series. 
A 1.0% to 4.5% acrylonitrile aqueous solution is allowed 
to flow down via the top of column one at 22 °C to 60°C at 
a flow rate of 25 to 100 ml/hr. Thereafter, 100 parts 
of the eluate are mixed with 4.5 parts of acrylonitrile, 
and allowed to flow down from the top of column two at 
the same temperature and similar flow rate as column 
one. The eluate is collected and then applied to the 
top of column three and allowed to flow down column 
three at the same temperature and similar flow rate as 
column two. The eluate is collected and applied to the 
top of column four and allowed to flow down column four 
at the same temperature and similar flow rate as column 
three. The eluate is collected and then applied to the 
top of column five and allowed to flow down column five 
at the same temperature and similar flow rate as column 
four. The eluate is collected and the amount of 
acrylamide is determined as in Example 1. 

EXAMPLE 6 

The nitrile hydratase enzyme of BR449 is 
purified according to the procedure set forth below. 
This purification method is only an example and is not 
intended to imply that it is the only method for 
purifying the nitrile hydratase of BR449. 



WO 99/55719 



PCTAJS99/06888 



-35- 

Bacillus sp. BR449 (ATCC 202119) is grown in 
OP medium at pH 7.2 which contained per liter: KH 2 P0 4/ 
lg; K 2 HP0 4/ 0.5g; yeast extract, lg; malt extract, lg; 
peptone 2g; glycerol, 3g; casamino acids, O.lg. The 
isolate is grown at 60°C using turbidity to monitor 
culture density. Co 2+ is added to the growth medium at 
a concentration of 20 mg/1. 

The BR449 cells are collected by 
centrifugation at 10,000 x g for 10 minutes. After 
washing, the cells are resuspended in 300 ml of 50 mM 
HEPES-KOH buffer. PH 7.2, and disrupted with a French 
press at 20,000 psi. The cell debris and undisrupted 
cells are removed by centrifugation at 10,000 x g for 30 
minutes. The supernatant fraction is dialysed against 
four changes of 10 mM HEPES-KOH buffer, pH 7.2, at 4°C 
for 24 hours. Afterwards, the dialysate is passed 
through an anion exchange column containing DEAE- 
Sepharose FF (Pharmacia, Piscataway, NJ) resin 
equilibrated with 50 mM HEPES-KOH, pH 7.2. The nitrile 
hydrase is allowed to be adsorbed by the column resin. 
The column is then washed with 50 mM HEPES-KOH, pH 7.2, 
to remove unbound material. Then the column is eluted 
using aO.OMtol.OM potassium chloride gradient of 50 
mM HEPES-KOH, pH7.2. Elution fractions are analyzed for 
nitrile hydratase activity as set forth below. Those 
fractions containing nitrile hydratase are pooled and 
dialyzed against four changes of 10 mM HEPES-KOH buffer, 
pH 7.2, at 4°C for 24 hours. The dialyzate is further 
purified by anion chromatography as above except that 
the potassium chloride gradient is from 0.2 M to 0.8 M. 
The fractions containing nitrile hydratase activity as 
set forth below are pooled and dialyzed as above. This 
results in a crude enzyme preparation enriched for 
nitrile hydratase activity. 

To test enzyme preparations for nitrile 
hydratase activity, 0.1 ml of the crude enzyme solution 
is added to 1.0 ml of 0.5M acrylonitrile and potassium 
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phosphate buffer, containing 0.5M acrylonitrile, pH 7.5, 
The reaction mixture is incubated in a water bath at 
50°C with shaking for 10 minutes, and the reaction is 
stopped by addition of 0.2 ml 2N HC1. Acrylamide 
formation is measured using HPLC by injection into a 
Novapak C-18 reverse phase column and eluted with 1:12 
acetonitrile:5mM potassium phosphate buffer, pH 2.5. 
Peaks are identified at 200 nm with a Waters (Newton, 
Massachusetts) variable wavelength detector and analyzed 
with reference to chemical standards. One unit of 
nitrile hydratase activity is defined as the formation 
of one micromole acrylamide per minute. Amidase 
activity is measured in the same manner using 0.5M 
acrylamide as substrate by measurement of acrylic acid 
formation. 

EXAMPLE 7 

This Example is to determine whether the 
nitrile hydratase of BR449 can convert other nitrile 
compounds to its corresponding amide. 

Examples of other nitrile compounds that can 
be converted into its corresponding amide compounds 
according to the present invention are aliphatic 
nitriles such as n-butyronitrile, h-valeronitrile, 
isobutyronitrile, acetonitrile and pivalonitrile; 
halogen-containing nitrile compounds such as 2- 
chloropropionitrile; unsaturated aliphatic nitrile 
compounds such as crotononitrile and methacrylonitrile; 
hydroxynitrile compounds such as lactonitrile and 
mendelonitrile; aminonitrile compounds such as 2- 
phenylglycinonitrile; aromatic nitrile compounds such as 
benzonitrile and cyanopyridines; and dinitrile compounds 
such as malononitrile, succinonitrile and adiponitrile. 

Bacillus sp. BR449 (ATCC 202119) is grown in 
DP medium at pH 7.2 which contained per liter: KH 2 P0 4 , 
lg; K 2 HP0 4 , 0.5g; yeast extract, ig; malt extract, lg; 
peptone 2g; glycerol, 3g; casamino acids, O.lg. The 
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isolate is grown at 60°C using turbidity to monitor 
culture density. Co 2 * is added to the growth medium at 
a concentration of 20 mg/1. 

Nitrile hydratase activity is measured using 
5 whole cells in assays containing 20 mg (dry wt) cells, 

in 1 ml 0.5M acrylonitrile and potassium phosphate 
buffer, containing 0.5M of the appropriate nitrile, pH 
7.5. The reaction mixture is incubated in a water bath 
at 50°C with shaking for 10 minutes, and the reaction is 

10 stopped by addition of 0.2 ml 2N HC1. Amide formation 

is .measured using HPLC by injection into a Novapak C-18 
reverse phase column and elution with 1:12 acetonitrile: 
5mM potassium phosphate buffer, pH 2.5. Peaks were are 
identified at 200 nm with a Waters (Newton, 

15 Massachusetts) variable wavelength detector and are 

analyzed with reference to chemical standards. 

Rate of amide production from each nitrile 
compound at various temperatures is determined by 
incubating BR449 cells grown as above with shaking in 2% 

20 of the nitrile compound, 50mM phosphate buffer, pH 7*5. 

EXAMPLE 8 

This example describes the DNA cloning and 
sequencing of the nitrile hydratase and amidase genes 

25 from BR449. Figure 10 shows the region of the BR449 

genome that was subcloned into plasmids for DNA 
sequencing. The cloning and sequencing was performed 
according to the procedures in Sambrook et al (Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor 

30 Laboratory, Cold Spring Harbor, N.Y. (1989)). The 

plasmids were commercially available. The DNA region 
was shown by sequencing analysis to encode the alpha and 
beta subunits of the nitrile hydratase gene. The region 
was also found to encode a gene with amidase activity 

35 and an open reading frame with unknown activity which 

was designated as ORF 1. 
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This example shows that a DNA fragment 
containing the nitrile hydratase gene conferred 
hydratase activity on Escherichia coli DH5oc transformed 
with the DNA fragment. The nitrile hydratase activity 
was found to need cobalt and low temperatures for 
maximum activity. However, the cloned nitrile hydratase 
gene was found to be much better that other nitrile 
hydratase genes cloned into E. coli such as the nitrile 
hydratase gene from Rhodococcus* 

Briefly, to make the recombinant E. coli, a 
2,645 bp Pstl/Sall DNA fragment (Figure 20) containing 
part of the amidase gene, the beta and alpha subunits of , 
the nitrile hydratase gene and ORF 1 was cloned into E. 
coli DH5o( using standard molecular biology techniques as 
disclosed by Sambrook et al in: Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y. (1989). The nitrile hydratase 
activity was measured according to the assays in Example 
1. This Pstl/Sall DNA fragment conferred nitrile 
hydratase activity to the recombinant E. coli which in 
was active in the presence of cobalt ions and at low 
temperatures. The above methods are used to clone the 
amidase and ORF 1 genes into J5. coli to express their 
respective gene products. 

EXAMPLE 10 

Expression vectors and transforming bacteria, 
yeast, and plants with the nitrile hydratase, amidase, 
and/or ORF 1 genes. As an example, the nitrile 
hydratase gene is cloned into an expression vector which 
is operably linked to a promoter at the 5 1 end of the 
gene. For expression in procaryote cells, a DNA 
fragment containing the beta and alpha subunits in 
tandem is operably linked to the 5' end of the beta 
subunit to produce a polycistronic mRNA which is 
translated into separate alpha and beta subunits. One 
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promoter for expression of both the alpha and beta 
subunits is sufficient because each gene of a 
polycistronic mRNA is normally translated in 
procaryotes. However, in eukaryotes, the second coding 
region of a mRNA is not normally translated- Therefore, 
for expression of both the beta and alpha subunits in 
eukaryotes, the 5 1 end of DNA fragments, each encoding 
one of the subunits is each operably linked to a 
promoter. Thus, expression of each subunit is separate 
or independent of the other. An example of a eukaryote 
that is useful for expression of nitrile hydratase, 
amidase, and/or ORF 1 is yeast. Other eukaryotes that 
are useful for expressing the nitrile hydratase include 
plants. 

While the present invention is described 
herein with reference to illustrated embodiments, it 
should be understood that the invention is not limited 
hereto. Those having ordinary skill in the art and 
access to the teachings herein will recognize additional 
modifications and embodiments within the scope thereof. 
Therefore, the present invention is limited only by the 
Claims attached herein. 



WO 99/55719 



PCT/US99/06888 



-40- 

WE CLAIM: 

-1- 

An isolated DNA encoding a nitrile hydratase 
consisting of an alpha and a beta subunit wherein the 
hydratase is optimally active at 55°C, stable at 60°C, 
and cobalt-containing which is useful for conversion of 
a nitrile to its corresponding amide without producing 
significant amounts of its corresponding acid. 

-2- 

The isolated DNA of Claim 1 wherein the nitrile 
is acrylonitrile, the amide is acrylamide, and the acid 
is acrylic acid. 

-3- 

The isolated DNA of Claim 1 wherein the nitrile 
hydratase has a DNA sequence as set forth in SEQ ID NO: 5 
wherein the sequence between positions 2312 to 2962 
encodes the alpha subunit and the sequence between 
positions 1606 and 2292 encodes the beta subunit. 

-4- 

An isolated DNA encoding a nitrile hydratase 
wherein the DNA has a nucleotide sequence which has at 
least 80% identity to the nucleotide sequence between 
positions 1601 and 2962 as set forth in SEQ ID NO: 5. 

-5- 

An isolated DNA encoding an alpha subunit of 
a nitrile hydratase wherein the DNA has a nucleotide 
sequence which has at least 80% sequence identity to the 
nucleotide sequence set forth in SEQ ID NO: 8. 
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An isolated DNA encoding a beta subunit of a 
nitrile hydratase wherein the DNA has a nucleotide 
sequence which has at least 80% sequence identity to the 
nucleotide sequence set forth in SEQ ID NO: 10, 

-7- 

An isolated DNA encoding an amidase wherein the 
DNA has a nucleotide sequence which has at least 80% 
sequence identity to the nucleotide sequence set forth 
between positions 432 and 1475 in SEQ ID NO: 5. 

-8- 

A thermophilic Bacillus sp. having a nitrile 
hydratase activity that is activated by a cobalt ion 
which is useful for conversion of a nitrile to an amide 
without producing significant amounts of an acid. 
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-9- 

The thermophilic bacterial strain of Claim 8 
deposited as ATCC 202119. 

-10- 

The thermophilic bacterial strain of Claim 8 
wherein the nitrile is acrylonitrile, the amide is 
acrylamide and the acid is acrylic acid* 

-11- 

A thermophilic Bacillus sp. having a nitrile 
hydratase enzyme that is const itutively expressed, 
optimally active at 55°C, stable at 60°C / and cobalt- 
containing which is useful for conversion of a nitrile 
to its corresponding amide without producing significant 
amounts of its corresponding acid. 

-12- 
Th e Bacillus sp. of Claim 11 wherein the 
nitrile is acrylonitrile, the amide is acrylamide, and 
the acid is acrylic acid. 

-13- 

The Bacillus sp. of Claim 11 or 12 wherein the 
Bacillus sp. is deposited as ATCC 202119. 

-14- 

A thermophilic Bacillus sp. encoding an amidase 
activity deposited as ATCC 202119. 



/ 

WO 99/55719 



PCT/US99/06888 



-43- 
-15- 

A process for conversion of a nitrile to an 
amide which comprises: 

(a) reacting the nitrile with a nitrile 
hydratase which is constitutively produced by a 

5 thermophilic Bacillus sp. wherein the nitrile hydratase 

is active at a temperature between 20°c to 70°C and 
active in the presence of a cobalt ion; and 

(b) isolating the amide, 

-16- 

The process of Claim 15 wherein the nitrile is 
acrylonitrile and the amide is acrylamide. 

-17- 
Th e process of Claim 15 or 16 wherein the 
reaction is conducted at a temperature within the range 
of 20°C to 70°C. 

-18- 
Th e process of Claim 15 or 16 wherein the 
nitrile hydratase is produced by the thermophilic 
bacterium and wherein the bacterium is deposited as ATCC 
202119. 

-19- 

In a process for conversion of a nitrile to an 
amide by the action of a microorganism, the improvement 
comprises : 

(a) reacting the nitrile with a nitrile 
5 hydratase which is produced by a thermophilic Bacillus 

sp. which has been cultured in the presence of cobalt 
ion contained in a culture medium in an amount of about 
5 to 20 mg/1 and at a temperature of 60°C, to produce 
the nitrile hydratase in the Bacillus sp. which is 
10 active at 20°C to 70°C; and 

(b) isolating the amide produced. 



WO 99/55719 



PCT/US99/06888 



-44- 



-20- 

The process of Claim 19 wherein the nitrile is 
acrylonitrile and the amide is acrylamide. 

-21- 

The process of Claim 19 or 20 wherein the 
reaction is conducted at a temperature between 20°C and 
70°C. 

-22- 

The process of Claim 19 or 20 wherein the 
Bacillus sp. is deposited as ATCC 202119. 

-23- 

A process for conversion of a nitrile to an 
amide which comprises: 

(a) cultivating a thermophilic Bacillus sp. 
which has a nitrile hydra tase activity that is active 
within the temperature range of 20°C to 70°C in a medium 
containing a cobalt ion; 

(b) making a suspension of the thermophilic 
Bacillus sp. ; 

(c) reacting the nitrile with the suspension of 
thermophilic bacteria; and 

(b) isolating the amide. 

-24- 

The process of Claim 23 wherein the nitrile is 
acrylonitrile and the amide is acrylamide. 
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The process of Claim 23 or 24 wherein the 
reaction is conducted within a temperature range of 20°C 
and 70°C. 

-26- 

The process of Claim 23 or 24 wherein the 
nitrile hydratase is produced by the Bacillus sp. 
deposited as ATCC 202119, 

-27- 

In a process for conversion of an amide to ah 
acid by the action of a microorganism, the improvement 
comprises: 

(a) reacting the amide with an amidase which is 
5 produced by a thermophilic Bacillus sp. deposited as 

ATCC 202119 which has been cultured to produce the 
amidase; and 

(b) isolating the acid produced. 

-28- 

The process of Claim 27 wherein the amide is 
acrylamide and the acid is acrylic acid. 

-29- 

The process of Claim 27 or 28 wherein the 
Bacillus sp. is deposited as ATCC 202119. 

-30- 

A nitrile hydratase produced by a bacteria 
strain deposited as ATCC 202119. 
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-31- 

An enzyme having nitrile hydratase activity 
comprising an alpha subunit which has an amino acid 
sequence with at least a 90% sequence identity to the 
sequence in SEQ ID NO: 9 and a beta subunit which has an 
amino acid sequence with at least a 90% sequence 
identity to the sequence in SEQ ID NO: 11. 

-32- 

A recombinant organism comprising an isolated 
DNA from a bacterium deposited as ATCC 202119 wherein 
the DNA encodes alpha and beta subunits of a nitrile 
hydratase . 

-33- 

A recombinant organism comprising an isolated 
DNA from a bacterium deposited as ATCC 202119 wherein 
the DNA encodes an amidase having 90% identity to the 
amino acid sequence as set forth in SEQ ID NO: 7, 
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Comparison of 16S rDNA sequences: BR vs. BS 

BR: BR449 16S rDNA - 500 nt 

Bsp: Bacillus sp. 16S rDNA - 500 nt 

scoring matrix: , gap penalties: -12/-2 

100.0% identity; Global alignment score: 2000 

10 20 30 40 50 60 

BR CTCAGGACGAACGCXGGCGGCGTGCCTAATACATGCAAGTCGA(^ 

• ••••»*••••••••••••••••*•••••«••••*•«•••••••••«#»«» 

••••••*•*♦«•••#*»♦■••••»»••»••••• ***•••••*••••••••••■•!::::: 

Bsp CTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAA 

10 20 30 40 50 60 

70 80 90 100 110 120 

BR TGCT CCTTTAGGTTAGCGGCGGACGGGTGAGTAAXIACGTGGGCAACCTGCCCT GCAGACT 

Bsp TGCTCCTTTAGGTTAGCGGCGGACG^Kn'GAGTAACACGT 

70 80 90 100 110 120 

130 140 150 160 170 180 

BR GGGAT AACTTCGGGAAACCGGAGCTAATACCGGATAAC^ 

Bsp GGGATAACTTCGGGAAACCGGAGCTAATACCGGATAACA^ 

130 140 150 160 170 180 

190 200 210 220 230 240 

BR GTTGAAAGGCGGCTTTTAGCTGTCACTGCAGGATG 

•**"••••»••••••••«•*"•••••••*••♦••*••«•••••**•••*»•»■•»»#«•« 

•••*•••••••••••••••••••••••••••»•••••#••••*«• •«•>••>••■•••■• 

Bsp GTTGAAAGGCGGCTTTTAGCTGTCACTGCAGGATGGGCCCGC 

190 200 210 220 230 240 

250 260 270 280 290 300 

BR TGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAC^ 

****•■■*•*•♦•*•*•*•****••••••*»**■•■■•■••■>■■•»••*■•*••••**» 

Bsp TGAGGTAACGGCTCACCJVAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAC^ 

250 260 270 280 290 300 

310 320 330 340 350 360 

BR CTGGGACTGAGAC^CGGCCCAGACTCCTACGGG 

*■***+•*••••••••*•••••••••»•**•»•••••*••*•••••*••■■■••■>•*•• 

Bsp CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGG^ 

310 320 330 340 350 360 

370 380 390 400 410 420 

BR GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGCGAAGAAGGTCTT 



•••••< 



Bsp GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGCGAAGAAGGTCT^ 

370 380 390 400 410 420 

430 440 450 460 470 480 

BR CT GTT GT CAGGGAAGAACAAGTACCGTTCGAACAGGGCGGT ACCTT GACGGT ACCTGACG 

Bsp CTGTTGTC^JGGGAAGAACAAGTACCGTTCGAACAGGGCGGTACCTTGA 

430 440 450 460 470 480 

490 500 
BR AGGAAGCCACGGCTAACTAC 

Bsp AGGAAGCCACGGCTAACTAC FIGp 7 

490 500 
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Comparison of 16S rDNA sequences: BR vs. BP 

BR: BR449 16S rDNA - 500 nt 

BP: B. pallidas 163 rDNA - 500 nt 

scoring matrix: , gap penalties: -12/-2 
99*6% identity; Global alignment score: 1986 

10 20 30 40 50 60 

BR CTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCC^ 

••••••-•••••»•••••••••*•««•••••♦••♦•••••*•••*»•••»••»•••**"* 

«....«•......»...»«•.♦..•«•.«•••»•-••••«••-"••«•••»••»••►"** 

BP CTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGG^ 

10 20 30 40 50 60 



70 80 90 100 110 120 

BR TGCTCCTTTAGGTTAGCGGCGGACGGGTGAGTAACACGT GGGCAACCTGCCCT GCAGACT 

••••••••*••••*• «#»,•*»*»•»•*»«♦••«••••••••■»■■••*****••«•*• 

*•*•*•*•**■•••• ».»..»»,.,»»*»»*«•»•*•»»••■•••■•••••»••»••■• 

BP TGCTCCTTTAGGTTAACGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCCT 

70 80 90 100 110 120 

130 140 150 160 170 180 

BR GGGATAACTTCGGGAAACCGGAGCTAATACCGGATA^ 

*•*••***••••*•*•*••*•*»•••<••••«•••■•••*»••*•••*••••*******■" 

BP GGGATAACTTCGGGAAACCGGAGCTAATACCGGATAACACCGAAAACCGC^ 

130 140 150 160 170 180 

190 200 210 220 230 240 

BR GTTGAAAGGCGGCTTTTAGCTGTCACTGCAGGAT 

* ************ »*«•***«*** * • * • T * • •••*>•• 

BP GTTGAAAGGCGGCTTTTAGCTGTCACT GCAGGAT GGGCCCGCGGCGCATT AGCTAGTTGG 

190 200 210 220 230 240 



250 260 270 280 290 300 

BR TGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCC 

■ •■••••••■•*■«••■••■*•*••*••••*•*•••*••••••••••••••*••••••'•• 

•*>••*••••■•■•••■»•■••>••■••••••*»*••••*•*•••••**>•*••****** 

BP TGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAG 

250 260 270 280 290 300 

310 320 330 340 350 360 

BR CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA^ 

•*•■•*«••**••••*•••••••**••«••»•■«•••••>•••>••••*****■**"*** 

• *»••••*•••«•«*••••*•••••••*««•••■■■••■•••••*•••■•••*•*■"■**" 

BP CTGGGACTGAGACACGGCCCAGACTCCTA 

310 320 330 340 350 360 

370 380 390 400 410 420 

BR GGACGAAAGTCTGACGGAGOU^CGCCGCGTGAGCG 



BP GGACGAAAGTCTGACGGAGCAACGCCC^GTGAGCGAAGAAGGT 

370 380 390 400 410 420 

430 440 450 460 470 480 

BR CTGTTGTCAGGGAAGAACAAGTACCGTTCGAACAGGGCGGTACCTTGACGGTACCTGACG 



BP CTGTTCTCAGGGAAGAACAAGTGCCGTTCGAACA^ 

430 440 450 460 470 480 



490 500 
BR AGGAAGCCACGGCTAACTAC 

BP AGGAAGCCACGGCTAACTAC 
490 500 



FIG. 8 
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Comparison of 16S rDNA sequences : BR vs. BS 

BR: BR449 16S rDNA - 500 nt 
BS: B.smithii 16S rDNA - 501 nt 

scoring matrix: , gap penalties: -12/-2 

91 ♦ 7% identity; Global alignment score: 1659 

10 20 30 40 50 

BR CTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACCGA-AGGGA^ 

BS CTCAG<^CGAACGCTGGCGGCCTGC 

10 20 30 40 50 60 

60 70 80 90 100 110 

BR TTGCTCCTTTAG-GTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCCTGCA-G 



BS TTGCTTTTTGAAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCC -TGCAAG 

70 80 90 100 110 

120 130 140 150 160 170 

BR ACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAACACCGAAAACCGCATGGT^ 



BS ACGGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATCTTCCTTCGCATGAAGG 
120 130 140 150 160 170 

180 190 200 210 220 230 

BR TCGGTTGAAAGGCGGCTTTTAGCTGTCACT- GCAGGATGGGCCCGCGGCGCATTAGCTAG 



BS AAGGTTGAAAGGCGGCGCA-AGCTGCCGCTtGCAG-ATGGGCCCGCGGCGCATTAGCTAG 
180 190 200 210 220 230 

240 250 260 270 280 290 

BR TTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGAC^ 



BS TTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGC 
240 250 260 270 280 290 

300 310 320 330 340 350 

BR CAC^CTGGGACTGAGACACGGCCCAGACTCCrrA^ 



BS CACACTGGGTVCrrGAGACACGGCCCAGACTCCTACGGGAGGCA 

300 310 320 330 340 350 

360 370 380 390 400 410 

BR CAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGCGAAGAAGGTCTTCGGATCGTAA 



BS CAATGGACGAAAGTCTG^GGCGCAACGCCGCGTGAGCGAAGAAGGTCTT 

360 370 380 390 400 410 

420 430 440 450 460 470 

BR AGCTCT GTT GTCAGGGAAGAACAAGT ACCGTT CGAACAGGGCGGTACCTT GACGGT ACCT 



BS AGCTCTGTTGTCAGGGAAGAACAAGTACCGTTCGAACAGGGCGGT ACCTT GAC GGT ACCT 

420 430 440 450 460 470 



BR 

BS 



480 490 500 

GAC GAGGAAGCCACGCCTAACT AC 



GACCAGAAAGCCACGGCTAACTAC 
480 490 500 



FIG. 9 
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TTTAACTAGGTGTTATAGGGAGAAAAAATTTATATAGGTTTACAAAAAAG 
GGCATTCCTATTTATCTTTTCTACATCAATTTGAAAGGGATTATTGTGCT 
TTAAATAGTGCGAATTTTCTTGAAATATTTTCGTTCTCACGTTCTATATT 
TTTTACCTTTTAAAAAATCATTAATAAATGCAATCATCCTATCTTTACTT 
CTTAGTCTTCAAACAGCGTGAACCACTAATAGAGCTTCTTTTAACTTTTT 
CATATGATGATGTGATGCCGCCAGACATACTTAAAAACTATGCATTGATT 
CATTTAGACATTCTTTAAGAGAAAATAGTTAGATTTAAAGGAGGTGATGC 
CTGGGGAAATCGAACAGCAGGTCTATATATTATTATATTTAATTCACTTC 

CAACATTTTATAACAAAAGGAGGAAAAAGG CATGAGACACGGGGATATTT - amidase gene 

caagcagccacgacacagtaggaatagcggtggtcaattacaaaatgccg (348 aa) ■ 

cgtttgcacacgaaagcagaagttattgaaaatgcaaaaaagatcgctga 

catggtcgtagggatgaagcaaggtcttccaggtatggatctcgtcgttt 

tcccggagtacagcacaatgggaattatgtacgatcaggatgaaatgttt 

gccactgcagcttccataccaggagaggaaacagctatctttgctgaagc 

gtgcaaaaaggctgatacatggggggtattctcactaaccggggaaaaac 

atgaagatcatccgaataaggcaccatacaacaccctagttctcattaat 

aacaaaggagagattgtgcaaaagtaccgcaagattattccttggtgtcc 

gatcgaaggatggtatccgggagataccacttatgtcacggaaggaccga 

aggggttg7vaaatcagtctcatcgtttgtgatgacggaaattatcctgaa 

atctggcxk:gattgtgcgatgaaaggcgcagaattgatcgtccgttgcca 

aggctacatgtatccggcaaaagagcagcaaatcatgatggcgaaagcta 

tggcttgggcgaacaatacctatgtagccgttgccaacgcaacaggattt 

gacggagtttattcatattttggccactctgccatcatcggttttgacgg 

acgcacactaggtgagtgcggaacggaggagaatggtatacagtacgcag 

aagtgtccatctctcagattcgtgattttagaaagaacgcccagtcccaa 

aatcatttgttcaagctgcttcaccgaggctatactggcttgatcaactc 

cggagaaggcgaccgaggcgtagcagaatgcccatttgatttttatcgca 

cttgggtactcgatgcagaaaaggcaagagaaaatgtagagaagatcact 

agaagtacggttgggacagcagaatgtccgattcaaggaatcccaaatga 

aggaaaaacaaaagaaattggtgtgtaat tctggaataccaattgtttaa 

tgcacaataactgcattttcgtcattttccttaagtgttaaatgagatga 

ctaacatatgtcatcggtaaaaataaattcttaatcaaagatgggaggta 

AACAA ATGAACGGTATTCATGATGTTGGAGGCATGGATGGATTTGGAAAA - beta subunit gene 

GTGATGTATGTAAAAGAAGAAGAGGACATTTATTTTACACATGATTGGGA 

AAG ACTT GCGTTCGGACTTGT AGCTGGTT GT ATGGCACAAGGATTGGGGA 

TGAAGGCTTTTGATGAATTCAGGATCGGCATTGAGCTTATGCGTCCAGTG 

GATTATTTGACGTCGTCGTATTATGGCCATTGGATTGCAACTGTTGCATA 

CAACTTAGTAGATACGGGAGTATTAGACGAAAAAGAACTAGATGAACGAA 

CGGAGGTTTTCTTGTVAGAAACCTGATACCAAAATACX^CGAAGAGAGGAT 

CCGGCATTAGTGAAGCTTGTAGAAAAGGCACTGTATGAAGGCTTATCTCC 

GATCCGTGAAATTTCAGCTTCTCCTCGGTTTAAGGTAGGAGAGAGAATCA 

AGACGAAAAACATTCATCCAACTGGTCATACGAGATTCCCTCGATATGCC 

CGTGACAAATATGGTGTCATTGATGAGATATATGGAGCTCATGTTTTCCC 

TGATGATGCTGCTCATAGAAAAGGAGAAAACCCGCAATATCTTTACCGGG 

TACGTTTTGAGGCTGAAGAATTATGGGGATATAAACAGAAAGATTCCGTT 

TATATAGATCTATGGGAAAGTTATATGGAGCCTGTTTCACATTAAT CATT 

TTTTGAAGGAGGAATACAAT ATGACGATTGATCAAAAAAATACTAATATA - alpha subunit gene 
GATCCAAGATTTCCACATCATCATCCGCGTCCACAATCATTTTGGGAGGC 
ACGTGGAAAAGCTCTTGAATCCTTGTTGATTGAGAAAGGGCATCTTTCCT 
CAGATGCTATTGAAAGGGTAATAAAACATTATGAGCATGAGCTGGGACCA 
ATGAACGGAGCAAAGGTCGTAGCGAAGGCTTGGACTGATCCTGCTTTTAA 
ACAAAGATTGCTAGAAGATCCAGAGACTGTATTAAGGGAGCTAGGATACT 
ATGGTTTACAGGGTGAGCATATCAGGGTAGTAGAAAATACGGATACGGTA 
CACAATGTTGTAGTCTGCACTTTATGTTCATGTTACCCTTGGCCATTGCT 
TGGTTTACCGCCTTCATGGTACAAAGAACCTGCTTATAGAGCTCGTGTCG 
TAAAAGAGCCGAGACAAGTGTTGAAAGAATTCGGATTAGATCTTCCAGAT 
TCAGTAGAAATCCGGGTATGGGACAGC7VGTTCAGAAATTCGCTTTATGGT 
ATTGCCGCAAAGACCTGAAGGTACGGAAGGAATGACGGAGGAGGAGCTTG 
CAAAACTTGTTACTCGAGACTCCATGATTGGTGTCGCTAAAATAGAGCCG 
CTAAAGTTACGGTAGG TTAGGAGGAAAATA ATGAAAAGTTGTGAGAATCA - orfl 
ACCTAATGAATCATTGCTTGCGAATATGTCTGAAGAAGTCGCACCTCCTA 
GAAAAAACGGAGAGTTAGAATTCCAAGAGCCTTGGGAAAGACGCTCTTTT 
GGCATGACTCTTGCTTTGTACGAAGAAAAGCTGTATAGCTCTTGGGAGGA 
TTTTCGATCCCGCTTGATTGAGGAGATCAAGGGGTGGGAGACCGCGAAAC 
AGAAGGAGAATTCTGACTGGAACTACTATGAGCATTGGCTGGCCGCCTTG 
GAACGACTAGTAGTGGAAACAGGAATGTTAAATTA3VG CGTGAT GTCGAC 

Sail 
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Met Thr lie Asp Gin Lys Asn Thr Asn lie Asp Pro Arg Phe Pro His 
1 5 10 15 

His His Pro Arg Pro Gin Ser Phe Trp Glu Ala Arg Ala Lys Ala Leu 

20 25 30 



Glu Ser Leu Leu lie Glu Lys Gly His Leu Ser Ser Asp Ala lie Glu 
35 40 45 



Arg Val lie Lys His Tyr Glu His Glu Leu Gly Pro Met Asn Gly Ala 

50 55 60 

Lys Val Val Ala Lys Ala Trp Thr Asp Pro Ala Phe Lys Gin Arg Leu 

65 70 75 80 



Leu Glu Asp Pro Glu Thr Val Leu Arg Glu Leu Gly Tyr Tyr Gly Leu 
85 90 95 

Gin Gly, Glu His He Arg Val Val Glu Asn Thr Asp Thr Val His Asn 
100 105 110 

Val Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro Leu Leu Gly 
115 120 125 

Leu Pro Pro Ser Trp Tyr Lys Glu Pro Ala Tyr Arg Ala Arg Val Val 
130 135 140 



Lys Glu Pro Arg Gin Val Leu Lys Glu Phe Gly Leu Asp Leu Pro Asp 

145 150 155 160 

Ser Val Glu He Arg Val Trp Asp Ser Ser Ser Glu He Arg Phe Met 

165 170 175 

Val Leu Pro Gin Arg Pro Glu Gly Thr Glu Gly Met Thr Glu Glu Glu 

180 185 190 



Leu Ala Lys Leu Val Thr Arg Asp Ser Met lie Gly Val Ala Lys He 
195 200 ^ 205 



Glu Pro Leu Lys Leu Arg 
210 



FIG. 1 1 
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Met Asn Gly He His Asp Val Gly Gly Met Asp Gly Phe Gly Lys Val 
1 5 10 15 



Met Tyr Val Lys Glu Glu Glu Asp He Tyr Phe Thr His Asp Trp Glu 
20 25 30 

Arg Leu Ala Phe Gly Leu Val Ala Gly Cys Met Ala Gin Gly Leu Gly 
35 40 45 

Met Lys Ala Phe Asp Glu Phe Arg He Gly He Glu Leu Met Arg Pro 
50 55 60 

Val Asp Tyr Leu Thr Ser Ser Tyr Tyr Gly His Trp He Ala Thr Val 
65 70 75 80 

Ala Tyr Asn Leu Val Asp Thr Gly Val Leu Asp Glu Lys Glu Leu Asp 
B5 90 95 



Glu Arg Thr Glu Val Phe Leu Lys Lys Pro Asp Thr Lys He Pro Arg 
100 105 110 

Arg Glu Asp Pro Ala Leu Val Lys Leu Val Glu Lys Ala Leu Tyr Glu 
115 120 125 

Gly' Leu Ser Pro He Arg Glu He Ser Ala Ser Pro Arg Phe Lys Val 
130 135 140 

Gly Glu Arg He Lys Thr Lys Asn He His Pro Thr Gly His Thr Arg 
145 150 155 160 

Phe Pro Arg Tyr Ala Arg Asp Lys Tyr Gly Val He Asp Glu He Tyr 
165 170 175 

Gly Ala His Val Phe Pro Asp Asp Ala Ala His Arg Lys Gly Glu Asn 
180 185 190 

Pro Gin Tyr Leu Tyr Arg Val Arg Phe Glu Ala Glu Glu Leu Trp Gly 
195 200 205 

Tyr Lys Gin Lys Asp Ser Val Tyr He Asp Leu Trp Glu Ser Tyr Met 
210 215 220 



Glu Pro Val Ser Hi: 



FIG. 12 
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Met Arg His Gly Asp He Ser Ser Ser His Asp Thr Val Gly He Ala 
1 5 10 15 

Val Val Asn Tyr Lys Met Pro Arg Leu His Thr Lys Ala Glu Val He 
20 25 30 

Glu Asn Ala Lys Lys He Ala Asp Met Val Val Gly Met Lys Gin Gly 
35 40 45 

Leu Pro Gly Met Asp Leu Val Val Phe Pro Glu Tyr Ser Thr Met Gly 
50 55 60 

He Met Tyr Asp Gin Asp Glu Met Phe Ala Thr Ala Ala Ser He Pro 
65 70 75 80 

Gly Glu Glu Thr Ala lie Phe Ala Glu Ala Cys Lys Lys Ala Asp Thr 

85 90 95 

Trp Gly Val Phe Ser Leu Thr Gly Glu Lys His Glu Asp His Pro Asn 
100 105 110 

Lys Ala Pro Tyr Asn Thr Leu Val Leu He Asn Asn Lys Gly Glu He 
115 120 125 

Val Gin Lys Tyr Arg Lys He He Pro Trp Cys Pro lie Glu Gly Trp 
130 135 140 

Tyr Pro Gly Asp Thr Thr Tyr Val Thr Glu Gly Pro Lys Gly Leu Lys 
145 150 155 160 

He Ser Leu lie Val Cys Asp Asp Gly Asn Tyr Pro Glu lie Trp Arg 
165 170 175 

Asp Cys Ala Met Lys Gly Ala Glu Leu lie Val Arg Cys Gin Gly Tyr 
180 185 190 

Met Tyr Pro Ala Lys Glu Gin Gin lie Met Met Ala Lys Ala Met Ala 
195 200 205 



FIG. 13A 
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Trp Ala Asn Asn Thr Tyr Val Ala Val Ala Asn Ala Thr Gly Phe Asp 
210 215 220 

Gly Val Tyr Ser Tyr Phe Gly His Ser Ala He lie Gly Phe Asp Gly 
225 230 235 240 

Arg Thr Leu Gly Glu Cys Gly Thr Glu Glu Asn Gly He Gin Tyr Ala 
245 250 255 

Glu Val Ser He Ser Gin He Arg Asp Phe Arg Lys Asn Ala Gin Ser 
260 265 270 

Gin Asn His Leu Phe Lys Leu Leu His Arg Gly Tyr Thr Gly Leu He 
275 280 285 

Asn Ser Gly Glu Gly Asp Arg Gly Val Ala Glu Cys Pro Phe Asp Phe 
290 295 300 

Tyr Arg Thr Trp Val Leu Asp Ala Glu Lys Ala Arg Glu Asn Val Glu 
305 310 315 320 

Lys He Thr Arg Ser Thr Val Gly Thr Ala Glu Cys Pro He Gin Gly 
325 330 335 

He Pro Asn Glu Gly Lys Thr Lys Glu He Gly Val 
340 345 
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Met Lys Ser Cys Glu Asn Gin Pro Asn Glu Ser Leu Leu Ala Asn Met 
1 5 10 15 

Ser Glu Glu Val Ala Pro Pro Arg Lys Asn Gly Glu Leu Glu Phe Gin 
20 25 30 

Glu Pro Trp Glu Arg Arg Ser Phe Gly Met Thr Leu Ala Leu Tyr Glu 
35 40 45 

GlU Lys Leu Tyr Ser Ser Trp Glu Asp Phe Arg Ser Arg Leu lie Glu 
50 55 60 

Glu lie Lys Gly Trp Glu Thr Ala Lys Gin Lys Glu Asn Ser Asp Trp 
65 70 75 80 

Asn Tyr Tyr Glu His Trp Leu Ala Ala Leu Glu Arg Leu Val Val Glu 

85 90 95 

Thr Gly Met Leu Asn 
100 
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Comparison of alpha si^bunit genes: BR vs. BS 

BR-A: BR449 (642 nt) ; BS-A: B. smithii (660 nt) 
81.4% identity; 

10 20 30 40 

BR-A ATGACGATTGATCAAAAAA AT ACT AAT AT AG AT C CAAGATTTC CACAT 

BS - A AT GGCAATT GAACAAAAATTGAT GGAT GAT CAT CAT GAAGT GGATCC GCGATTTCCACAT 
10 20 30 40 50 60 

50 60 70 60 90 100 

BR-A CAT CATCC GC GT CCACAATC^TTTTGGGAGGCACGT GCAAAAGCT CTTG^ 

BS -A CATCATCCCCGGCCGCAATCGTTTTGGGAAGCACGGGXrrAA^ 

70 80 90 100 110 120 



110 120 130 140 150 160 

BR-A ATTGAGAAAGGGCATCTTTCCTCAGATGCTATTGAAAGG 

BS - A ATTGAGAAAAGACrTCTTT C CT CT GACGC CATTGAGAGGGTT AT AAAACACT ATGAACAT 
130 140 150 160 170 180 

170 180 190 200 210 220 

BR-A GAGCT GGGAC CAATGAACGGAGCAAAGGT C GT AGCGAAGGCTTGGACTGAT CCT GCTTTT 

BS-A GAGCTT GGGC CG AT GAACGGAGCT AAAGTC GTT GC GAAGGC CT GGACCGATCCT GAATTT 
190 200 210 220 230 240 

230 240 250 260 270 280 

BR-A AAACAAAGATTGCTAGAAGATCCAGAGACT OTATTAAGGGAGCTAGGATACITATGGTTTA 

BS-A AAACIAAAGATTGCTGGAAGATCCAGAAACTGTGTTGCGGGAACrr^ 

250 260 270 280 290 300 

290 300 310 320 330 340 

BR-A CAGGGT GAGCAT AT CAGGGTAGT AGAAAAT AC GGAT AC GGT ACACAAT GTT GT AGTCT GC 



BS-A CAAGGAGAGCAT AT CAGGGTAGTGGAAAATACGGAT AC GGTACACAATGT AGT GGTTTGC 
310 320 330 340 350 360 

350 360 370 380 390 400 

BR-A ACTTTATGTTC^TGTTACCCTTGGCCATTG 

••* ••»*•*•» • •.••••»•.**••......„..... •*•••• 

BS-A ACTCTATGTTCATGTTATCCTTGGCCGCTG 

370 380 390 400 410 420 

410 420 430 440 450 460 

BR-A CCTGC1TATAGACCTCGTGTCGTAAAAGAGCCGAGACAAGTGTTGA 

• ■ * * »• • • * ♦ • *•••»»...»•• • * •*•*••*•*•***• 

* * • * • * • »*»* • . p* •••••*•*•■»» •* 

BS - A CCG-GCCTACC GTTCTCGGGTTGTTAAAGAGCC GAGAAAAGT ACT GCAAGAATT CGGATT A 
430 440 .450 460 470 480 

470 480 490 500 510 520 

BR-A GATCTTCCAGATTCAGTAGAAATC C C-GGT ATGGC^CAGCAGTTCAGAAATTCGCTTT AT G 

BS -A GACTrGCCGGATTCAGTAGAAATTCGGGTTTGG<^CAGTAGT^ 

490 500 510 520 530 540 

530 540 550 560 570 580 

BR-A GT ATT GC C GCAAAG AC CT GAAGGT AC GGAAGGAAT GAC GG AGG AGG AGCTT GCAAAACTT 

BS-A GT ATT GC C G<: AAAGACCTGAGGGCACAGAAGGAAT GAC GG AGGAGGAGCT GGC GCAAAT C 
550 560 570 580 590 600 

590 600 610 620 630 640 
BR-A GTTACTCGAGACTCCATGATTGGTGTCGCT AAAATAGAGCCGC - T AAAGTT AC GG 

BS-A GTTACTCCTGACTCCATGATTGGCGTCGCCAAAGTTCA 

610 620 630 640 650 660 
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Comparison of alpha subunit proteins: BR vs. BS 

BR-B: BR449 (214 aa); BS-B: B. smithii (220 aa) 
87 ♦ 7% identity; 

10 20 30 40 50 

BR-B MTIDQK NTNI D PRFPHHH PRPQS FWEARAKALES LL I EKGHLS S DAI ERV I KH YEH 



BS-B MAIEQKIiMDDHHEVDPRFPHHHPRPQS FWEARAKALES LL I EKRLL5S DAI ERVI KHYEH 
10 20 30 40 50 60 

60 70 80 90 100 110 

BR-B ELGPMNGAKVVAKAWTDPAFKQRLLEDPETVLRELGYYGLQGEHI RWEOTDTVHNVVVC 
****************** 

BS-B ELGPMNGAKWAKAWTDPEFKQRLLEDPETVLRELGYFGLQGEHI RVVENTDTVHNVVVC 
70 80 90 100 110 120 

120 130 140 150 160 170 

br-b tlcscypwli^lppswykepayrarvvkeprq\o.kefgldlpdsveirvwdssseiretl 
bs~b tix:scypwplix;lppswykepayrsrvvkeprkvlqefgldlpdstoirvwdsssevrfm 

130 140 150 160 170 180 

180 190 200 210 

BR-B VLPQRPEGTEGMTEEEIAKXVTRDSMIGVAKIEPLKL — R 



BS-B VLPQRPEGTEGMTEEELAQIVTRDSMIGVAKVQPPKVIQE 
190 200 210 220 
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Comparison of beta suBunit genes: BR vs. BS 

BR-B: BR449 (687 nt) ; BS-B: S. smithii (687 nt) 
82.5% identity; 

10 20 30 40 50 60 

BR- B ATGAACGGTATTC^TG^GTTGGAGGCATGGATGGATTTGGAAAAGTGATGTATGTAAAA 

BS-B AT G AATGGGATTCATGATGTTGGC GGCAT GGATGGATTT GGGAAAATT AT GT ATGT GAAA 
10 20 30 40 50 60 

70 60 90 100 110 120 

BR~B GAAGAAGAG^ACATTTATTTTAC^CATGATTGGGAAAGAC^ 

BS-B GAAGAGGAAGATACTTATTTCAAACATGATTGGGAAA 

70 80 90 100 110 120 

130 140 150 160 170 180 

BR-B GGTT GT ATGGCACAAGGATT GGGG ATGAAGGCTTTTGAT GAATT CAGGAT CGGCATT GAG 

BS-B GGCTGCAT GGCT CAAGGATT GGGAATGAAGGCTTTTGAT GAATTTAGGATT GGCATTGAA 
130 140 150 160 170 180 

190 200 210 220 230 240 

BR-B CTT AT GC GT CCAGTGGATTATTTGACGTCGTCGTATTATGGCCATTGGATT GCAACT GTT 

BS-B AAAAT GCGTCCAGTT GATTAT CTGACATCAT CCT ATT AT GGTCATTGGATT GCAACC GT C 
190 200 210 220 230 240 

250 260 270 280 290 300 

BR-B GCAT ACAACTT AGT AGATAC GGGAGTATT AGACGAAAAAGAACT AGAT GAAC GAAC GGAG 

BS-B GCAT ACAACTT GTT GGAAACGGGAGT ACT GGAT GAAAAAGAATT GGAAGAT CGAACACAA 
250 260 270 280 290 300 

310 320 330 340 350 360 

BR- B GTTTTCTITGAAGAAACCTGATACC^AAATACCACGAAGAG 

' :r - * 1 ** ' : t : : : : : :::::::::: : : : : : : : : : ; : : :::::: ; : : 
BS-B GCTTT CATGGAAAAACCCGACAC CAAAAT ACAACGTTGGGAGAATCC GAAATTAGT T AAG 
310 320 330 340 350 360 

370 380 390 400 410 420 

BR-B CTTGTAGAAAAGGCACTGTATGAAGGCTrATCT 

BS-B GTTGTAGAAAAAGCCCTGCTO^GGTTTATCTCCTCT 

370 380 390 400 410 420 

430 440 450 460 470 480 

BR-B CGGrTTAAGGTAGGAGAGAGAATCAAGAC 

:::::: : : : : : : : : : : : : : : : : : : : : :::::::: : : : : : : : : : : : : ; : 
BS-B CGGTTTGAGGTGGGAGAAAGAATAAAGA^ 

430 440 450 460 470 480 

490 500 510 520 530 540 

BR- B TTC C CTCGAT ATGCCCGTGACAAATATGGT GTCATTGATGAGAT ATAT GGAGCTCAT GTT 

BS-B TTTCCACGATACGTGCGCGATAAGTATGGAGTCATTGAAGAGGTATATGGGGC^ 

490 500 510 520 530 540 



550 560 570 580 590 600 

BR- B TT C C CT GATGATGCTGCTCAT AGAAAAGGAGAAAACCCGCAAT ATCTTT AC C GGGT AC G T 



BS-B TTCCCTGATGACGCTGCTCACAGAAAAGGAGAAAACCCGCAATATCTCTATCGTGTACGT 
S50 560 570 580 590 600 

610 620 630 640 650 660 

TTTGAGGCTGAAGAATTATGGGGATATAAACAGAAAGATTCCGTTTATATAGATCTATGG 

TTT GAT GC C G AAGAATT ATGGGGAGT AAAACAG AAT G ATTCAGTTT AT AT C GAT CTTT GG 
610 620 630 640 650 660 

670 680 
BR-B GAAAGTTATATGGAGCCTGTTTCACAT 



BS-B GAAGGTTATTTGGAACCTGTTTCACAT 
670 680 



BR-B 
BS-B 
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Comparison of beta subunit proteins: BR vs. BS 

BR-B: BR449 (229 aa) ; BS-B: B. smithii (229 aa) 
85*6% identity; 

10 20 30 40 50 60 

BR- B MNGIHDVGGMDGFGKVMYVKEEEDI YFTHDWERLAFGLVAGCMAQG LGMKAFDE FRI GI E 

BS-B MNGIHDVGGMDGFGKIMYVKEEEDTYFKHD^ 

10 20 30 40 50 60 

70 80 90 100 110 120 

BR-B I^PVDYLTSSYYGHWIATVAYNLVirrGVLDEKELDERTEVFLKKPDTKIPRREDPALVK 

* . • . . *«*•>* » » • •»» 

BS-B KMRPVDYLTSSYYGHWIATVAYNLLETGVLDEKELEDRTQAIMEKPDTKIQRWENPKLVK 
70 80 90 100 110 120 

130 140 150 160 170 180 

BR-B LVEKALYEGLSPIREISASPRFKVGERIKTKNIHPTGHTRFPRYARDKYGVIDEIYGAHV 

BS-B WEKALLEGLS PVREVS S FPRFEVGERI KTRNIHPTGHTRFPRYVRDKYGVIEEVYGAHV 
130 140 150 160 170 180 

190 200 210 220 

BR-B FPDDAAHRKGENPQYLYRVRFEAEELWGYKQKDSVYIDLWESYMEPVSH 



BS-B FPDDAAHRKGENPQYLYRVRFDAEELWGVKQNDS VYI DLWEGYLEPVS H 
190 200 210 220 
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Homology search of ORF1 (101 aa) 



gnl|PID|dl012733 (D83695) nitrile hydratase b-subunit homolog (Rhodococcus 
rhodochrous) 
Length = 148 

Score = 77.6 bits (188), Expect = 2e-14 

Identities « 40/107 (37%), Positives = 61/107 (56%), Gaps = 9/107 (8%) 

Query: 1 MKSCENQPNESLLANMSEEVAP PRKNGELEFQEPWERRSFGMTLALYEEKLYS 53 

M QP+ L AN+ + V PR++GE+ F + WE R+F + AL+ + + 

Sbjct: 1 MPRLNEQPHPGLEANLGDLVQNLPFNERI PRRSGEVAFDQAWEI RAFS IATALHGQGRF- 59 

Query: 54 SWEDFRS RLIEEI KGWETAKQKENS DWN YYEHWLAALERLWETGML 100 

W++F+SRLIE IK WE A+ W+YYE W+ ALE L+ + G + 

Sbjct: 60 EWDEFQSRLIESIKQWE-AEHATTEQWSYYERWMLALEELLHDKGFV 105 
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Pstl-Sall DNA fragment (2645 nt) which exhibits 
Nitrile Hydratase Activity in E. coll DH5a 



PatI 

Q^GQ&GCTT C CAT AC CAGGAGAGG AAACAGCT AT CTTTGCTGAAGCGT GC 

AAAAAGGCT GAT ACATGGGGGGT ATTCT CACT AAC C GGGGAAAAACATG A 

AGATGATCCGAATAAGGCACCATACAACACC(nAGTTCTCACT 

AAGGAGAGATT GT GCAAAAGTAC C GCAAGATT ATT CCTT GGTGT CC GAT C 

GAAGGJVTGGTATCCGGGAGATACCAC^ATGTCACGGAAGGACCGAAGGG 

GTTGAAAATCAGTCrrCATCGTTTGTGATGACGGAAATTATCCTGAAATCT 

GGCGCGATTGTGCGATGAAAGGCGCAGAATTG^CGTCCGTTGCCAAGGC 

TACAT GTAT CCGGCAAAAGAGCAGCAAATCATGATGGCGAAAGCT ATGGC 

TTGG<K:G^CAATACCTATGTAGCCGTTGCC^CGCAACAGGATTTGACG 

GAGTTTATTCATATTTTGGCCACTCTGCaVTCATCGGTTTT 

ACACTAGGTGAGTGCGGAACGGAGGAGAATGGTATACAGTACGCAGAAGT 

GTCCATCTCTCAGATTCGTGATTTTAGAAAGAA^ 

ATTTGTTCAAGCTGCTTCACCGAGGCTATACTGGC^ 

GAAGGCGACCGAGGCGTAGCAGAATGCCOmTGATTTTTATCG 

G<7TACrCGATGCAGJVAAAGGXIAAGAGAAAATGTAGAGAAGAT<^ 

GTACGGTTGGGACAGCAG^TGTCCGATTCAAG<^TCCCAAATGAAGGA 

AAAACAAAAGAAATTGGTGTGTAATTCTGGAATACCAATTGTTTAAT GCA 

CJUU'AACTGCATTTTCGTCATTTTCC^ 

CATATGTCATCGGTAAAAATAAATTCTrTAATCAAAGATGGGAGGTAAAC^ 

MTGMCGCTATT^TGATCTTTGGAGGCATGGATTCATT^ - beta sub unit gene 

YQTATCTAA^^MGMGAGGACATTTATT TTACACATGATTGGGAAAGA 

CTTGCCTTCGGACTTGTAGCTGGTTGT ATGGCACAAGGATTGGGGATGAA 

^CTTTTGATOAATTCAGGATCGGCATTGAGCTTATGCGTCCAGTGGATT 

ATrrGACGTCGTCGTATTATGGCC^TTGGATTGCAACTGTTGCATACAAC 

TTAG^GATACGGGAGTATTAGACGAAAA AGAACTAGATGAACGAACGGA 

(^nViVAT GMgAAACCTGATACCAAAA 

CATT AGTGAAGCTTGT AGAAAAGGCA CTGTATGAAGCCTT ATCTCCGAT C 
CGTQAAATTTC^GCTTCrCCrCGGTTTAAGGTAGGAGAGAGAATCAAGAr 
GAftAAACATTCATCCAACTG^ 

ACAAATATGiyrGTC^TTGATGAGATATATGGAGCTCATGTTTTCCCTGAT 
GJ^GCTGCTCATAGAAAA GGAGAAAACCCGCAATATCTTTACCGGGTACG 
TTTTGAGGCrGAAGAATTATGGGGATATAAACAGAAAGATTCCGTTTATA 
TAGATCTATOGGAAAGTTATATGGAGCC^ ^ 

GAAGGAGGAAT ACAAT ATGACG ATT G ATC A A A A AAAT ACT AAT AT AG AT C - alpha sub unit gene 

CM?ATTTQQAfflTCATCATCCGCCTCCA(^TCATTTTGGGAGGCACGT 

G^AMGCTCTTGAATCCTTGTTGATTGA GAAA^ 

T < KTATTGAAAGGOTAATAAAACATTATGAGCATGAGCTGGGAC!CAATGA 
A^G<^AGCMAGGTCGTAGCGAAGGCTTGGArrrGATCCTGCrTTTAAArAA 
AGATTGCTAGAAGATCCAGAGACTGTATTAAGGGAGCTAGGATACTATGG 
TTTACAGGGTGAGCATATCAGGGTAGTAGAAAATACGGATACGGTACAr^ 
ATGTTCTAGTCTGCACTTTATGTTCATGTTACC(^ 

TTACCG^CTTCATGGTACAAAGAACCTGCT TATAGAGCTCGTGTCGTAAA 
AGAGCC G AGACAAGT GTT G AAAGAATT C GGATT AGATCTT CCAGATTCAG 
X AGAAATC C GGGT AT GGG ACAGCAGTT C AGAAATTCGCTTT AT GGT ATJ G 
PQGQAAAGACCTGAAGGT ACGGAAGGAA TGACGGAGGAGGAGCTT GC AAA 

A^A'l'Vn'ACTCGAGACTCCATGATTGGTGTC GCTAAAATAGAG^ ^G^TA^ 

ACTT AC TOTAgGTT AGGAGGAAAAT AATGAAAAGTT GT r; A r; A Aiy A A,^ r f - orfl 

MTGAATCATTC^TTGCGAATATGTCTGAAGAAGTCGCACCTCCTAGAAA 

AAACGG AG AGTT AG AATT C C AAG AGC CTT GGG AAAG AC GCT CTTTT GGC A 

TGACTCTTGCTTTGTACGAAGAAAAGCTGTATAGCTCTTGGGAGGATTTT 

gGA T^CCGCTTGATTGAGGAGATCAAGGGGTGGGAGACCGCGAAACAGAA 

GGAGAATTCTGACTGGAACTACTATGAGCATTGGCTGGCCGCCTTGGAAC 

GACTAGTAGTGGAAACAGGAATGTTAAATTAAGCGTGATGTCGAC 

Sail 
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